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This Committee Report on Energy Development has been prepared for the California 
Energy Commission's Research, Development and Demonstration Committee in fulfillment 
of legislative requirements specified in Public Resources Code Section 25604. This statute 
calls for the Commission to publish and submit biennially to the Governor and Legislature 
a report on energy development trends in the state, including the status of new and existing 
energy technologies. 
The Research, Development and Demonstration Committee held hearings on April 22 
and 23, 1986, and received comments on the staff draft Energy Development Report. 
Comments and testimony presented at those hearings have been incorporated into the 
Committee report which was presented to the full Commission and adopted on June 11, 
1986. 
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Introduction 
This is the first Energy Development Report mandated by Senate Bill1549 (Chapter 1184, Statutes of 1984). 
authored by Senator Herschel Rosenthal, wherein, 
"Commencing June 1, 1986, and every two years thereafter, the Commission shall prepare and 
submit to the Governor and the Legislature, a report of both new and existing energy technolo-
gies, specifying those most relevant to the state's needs and opportunities. The report shall Iden-
tify barriers to further energy resource development, Including siting and environmental 
problems, and provide policy recommendations Including research, development, and demonstra-
tion needed to overcome these barriers to development. The report shall also Include both of the 
following: 
• The Commission's determination, after generic proceedings, of the commercial availability of 
technologies for the generation of electrical energy or capacity, and a list of the Issues which 
may affect the ability to employ these technologies at a proposed site; and; 
• The Commission's determination, after generic proceedings, of non-generation technologies 
which are available or are reasonably expected to become available for use to reduce demand 
determined pursuant to subdivision (e) of Section 25305, and the Issues which may affect the 
ability to employ these technologies to reduce demand." 
In comparison to the original enabling legislation, these revisions provide for a biennial document with a broader 
perspective on energy development in California. 
In addition, the CEC has broad authority to "develop and coordinate a program of research and development in 
energy supply, consumption, and conservation, and the technology of siting facilities." The Commission gives pri-
ority to those forms of research and development which are of particular importance to the state, including, but 
not limited to, methods of energy conservation, increased energy use efficiencies in thermal electric and hydroe-
lectric power plants and development of new energy technologies. 
Recent legislation, authored by Assemblyman Robert Naylor (AB 3897, Chapter 1595, Statutes of 1984), has 
also resulted in the CEC's establishment of an Energy Technologies Research, Development and Demonstration 
Program. Six million dollars was provided for research, development and demonstration of advanced energy tech-
nologies in both the private and public sectors. An additional two million dollars has been approved in the 1986-87 
budget as an augmentation to this existing program. 
The conclusions and recommendations· presented in the report will provide a basis for focusing future CEC re-
search and development (R&D) programs as well as suggesting areas for federal and private R&D activities 
which can assist in achieving California's goals. 
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Conclusions and Recommendations 
INTEGRATION AND TRANSFER OF ENERGY TECHNOLOGY RESEARCH AND DEVELOPMENT 
California, and the nation as a whole, can benefit greatly from better Integration of overall energy R&D 
efforts. CEC will seek to Improve R&D coordination among activities that best serve the state's energy 
needs. 
California has unique energy resources and needs. 
Yet, the state also shares many of its energy goals 
with the rest of the nation and with other countries. 
Development of cleaner, non-petroleum energy 
sources is a state priority as well as a subject of in-
creasing worldwide interest. Therefore, CEC seeks to 
foster an improved transfer and integration of the 
many ongoing energy technology development efforts. 
Improved technology transfer will help ensure that 
California's own investments in energy development 
are prudent ones, and contribute to effectiveness and 
continuity of progress toward common goals. Califor-
nia is a leader in advancing energy technology, an 
advantageous position for stimulating joint develop-
ment efforts and exporting energy-related products 
and services. 
Both government and private energy R&D budgets 
tend to experience a "boom/bust" cycle correspond-
ing with the price and supply of conventional energy 
sources. Public and corporate priorities for energy 
development often rise and fall according to the per-
ceived urgency and profitability of such development. 
But progress toward the availability of new energy 
sources usually requires sustained, long-term efforts. 
Thus, it becomes critical that these efforts make ef-
fective use of available funding. Achieving such effi-
ciency also requires all affected organizations to 
coordinate future plans and current activities as well 
as share the results of their work. 
Historically, California has often moved ahead on its 
own with the development of advanced energy tech-
nologies. The federal government, other states, local 
governments, and various industries have also pur-
sued independent energy R&D programs. The luxury 
of this disaggregated approach to common objectives 
becomes more apparent when everyone's purse 
strings are tightened. A "joining of forces" with re-
spect to funding and collaborating on similar goals is 
increasingly important. California is already moving in 
this direction by developing a number of energy pro-
grams in partnership with private companies and local 
governments. This partnership approach will be in-
creasingly pursued by CEC in charting the course of 
the state's continued role in energy R&D. Coordina-
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tion will be actively sought with those federal and pri-
vate efforts that are most consistent with the state's 
own energy goals. 
Private industry sometimes requires special consid-
eration for integration and transfer of energy technol-
ogy R&D. Clearly, the needs of private enterprise 
place limitations on the extent of shared research that 
is possible. Fortunately, a number of examples exist 
to show how common interests can be served without 
jeopardizing the competitive positions of individual 
companies. Successful partnerships between CEC 
and several private corporations demonstrate a key 
role for government as a catalyst for future energy 
R&D efforts. 
Conclusions and Recommendations 
ELECTRICITY TECHNOLOGY RESEARCH AND DEVELOPMENT SELECTION CRITERIA 
In order to provide California with the most secure and reliable electricity supply strategy possible, crite-
ria for selecting technologies for research and development must be uniformly implemented. 
California has the most diverse native energy re-
source mix in the United States. However, not all en-
ergy technologies are equally beneficial or provide 
needed contributions to the state's energy supply pic-
ture. Specific guidelines for energy technology R&D 
must therefore be adhered to, with the goal of identi-
fying and pursuing technologies which best satisfy 
certain selection criteria. These criteria form the basis 
for identifying technologies which, according to CEC's 
legislative mandate, are "most relevant to the state's 
needs and opportunities". 
In many instances, a particular energy technology is 
already developed and being demonstrated in the 
state. However, the major barriers to further commer-
cialization of this technology may be its high costs 
and the need for demonstration of increased equip-
ment efficiency. Therefore, selection criteria include 
the ability of the proposed research and development 
project to lower the costs of the technology and/or 
demonstrate the potential to increase its efficiency. 
Additionally, the ability of the technology to enhance 
the overall operating efficiency of the state's energy 
supply system will also be considered. 
Environmental impacts resulting from the production 
and use of energy in the state is a paramount con-
cern. Technologies selected for future development 
should demonstrate the ability to reduce environmen-
tal impacts. This includes little or no direct adverse air 
quality effects or-as a compromise-built in trade-
efts which displace the negative air quality impacts 
associated with a project. In addition, other environ-
mental issues such as effects on surrounding land 
and water, waste disposal, and public health and 
safety must be taken into account when considering 
development of a technology. 
Another important criterion relevant to the selection 
of energy development technologies is the goal of en-
ergy diversity. In order to avoid dependence on any 
one energy supply technology, alternative sources of 
energy production must be pursued. This diversity is 
closely related to and supported by California's supply 
of renewable and indigenous energy resources. Em-
phasis should be placed on those technologies that 
demonstrate the use of California's renewable energy 
resources and subsequently add to the state's diverse 
energy supply mix. Satisfying this selection criterion 
has a two-fold benefit: as the use of renewable and 
indigenous resources increases, California's depend-
ence on oil imports and its vulnerability to supply dis-
ruptions simultaneously decrease. 
Another significant component of selection criteria 
is the need to further develop and demonstrate tech-
nologies with the potential for widespread adoption in 
California. A single site-specific technology application 
may be economically and technically feasible and 
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worth pursuing. However, if the benefits and results 
gained from the demonstration cannot be transferred 
to other applications throughout the state, the tech-
nology will generally not be considered a candidate 
for further development. Satisfying this requirement 
eliminates the allocation of excessive resources to 
activities that may not significantly contribute to the 
state's energy supply strategy. 
One other important element of technology selec-
tion criteria is the ability of any given technology to 
provide modular increments of electricity. Modular 
technologies have the potential to provide incremental 
increases of 200 to 300 MW which allows utilities to 
closely match load growth. Modular technologies also 
result in smaller capital investments. As it becomes 
more apparent that the need for new baseload power 
plants in the near-term is limited, and that "load-fol-
lowing" technologies are receiving greater priority in 
California's energy development, incremental in-
creases in generating capacity will continue to play a 
stronger role. 
Project proposals which meet these technology-
related criteria will be further evaluated for a range of 
project-related characteristics involving the proponent, 
the project site, timing and other factors. Finally, ener-
gy R&D projects requesting state funding will be eva-
luated to determine the extent of their technology 
integration and transfer opportunities and the potential 
for partnership funding. CEC will also work toward the 
goal of uniform acceptance and application of these 
criteria by other public agencies with a role in energy 
R&D in the state, particularly the Public Utilities Com-
mission. 
In summary, the technology selection criteria which 
will have the greatest impact on future electric energy 
development in California are: 
• the technology's ability to improve both capital and 
operating costs and increase equipment efficien-
cies; 
• the technology's ability to reduce environmental im-
pacts; 
• the technology's ability to contribute to the diversity 
of the state's energy supply; 
• the technology's ability for widespread adoption in 
California; 
• the technology's ability to be built in modular incre-
ments; 
• the technology's ability to avoid engineering and 
economic risks; and 
• the technology's potential for accelerated commer-
cial availability. 
Conclusions and Recommendations 
Electricity 
Electricity supplies appear sufficient to meet Califor-
nia's needs through at least the mid-1990s. Therefore, 
R&D priorities should focus on near-term activities to 
refine and improve the existing electricity generation, 
transmission, and distribution system and long-term 
activities to develop technologies for future supplies. 
Near-term R&D priorities should focus on: 
• Development of cost-effective advanced air pollu-
tion control technologies for reducing nitrogen ox-
ides emissions from existing oil, gas, and coal-fired 
boilers, new gas combustion turbines, and MSW-
based projects; 
• Development of advanced energy storage technolo-
gies that can utilize the abundance of baseload and 
non-firm energy to meet peak load requirements; 
• Modification of existing generation, transmission, 
and distribution facilities to achieve efficiency im-
provements which better meet system needs; and 
• Technologies for improving end-use efficiency. 
Long-term R&D priorities should focus on develop-
ment of advanced generation and conservation tech-
nologies that can produce cost-competitive energy by 
using nonpetroleum resources with minimal environ-
mental impacts. These technologies should include: 
• Photovoltaics and solar thermal; 
• Advanced low emission, high efficiency, modular 
coal-based generation technologies; 
• Fuel cells; 
• Advanced nitrogen oxide controls for combustion 
turbines; 
• Alternative technologies to meet load following/ 
peaking needs; and 
• Technology for liquid-dominated geothermal re-
sources. 
Finally, the Commission directs attention to Section 
25540.6 (e) of the Public Resources Code which pro-
vides an R&D exemption to conformance with the 12-
year need forecast. The Commission encourages 
broader use of this exemption to stimulate commer-
cial demonstration of advanced technologies. It re-
mains the applicant's burden to demonstrate that their 
project meets the provisions of this section. 
4 
Conclusions and Recommendations 
Transportation 
California must begin to diversify the sources of its 
transportation energy, in order to make essential 
progress toward reducing its petroleum dependence 
and improving its urban air quality. While it is impor-
tant to pursue further efficiency increasing measures 
to help control the growing demand for transportation 
fuels, the state must ultimately turn to some combina-
tion of cleaner, non-petroleum sources of energy for 
its transportation sector. Alcohol fuels (primarily 
methanol). natural gas vehicles, propane, and electric 
vehicles can potentially contribute to the goals of 
transportation energy diversity and improved air qual-
ity in the near term. Hydrogen fuel may add another 
option in the longer term. 
The current availability and low cost of petroleum 
fuels have slowed the momentum for commercial 
development of transportation alternatives through 
market forces alone. Yet there is wide recognition 
that the need for such alternatives is inevitable and 
could potentially become urgent. Therefore, it is im-
portant for California to sustain the priority for achiev-
ing its transportation energy goals. This requires 
strategic efforts to keep development progress in mo-
tion for promising alternatives, establishing a foothqld 
from which broader commercial application can be 
realized as future conditions dictate. The development 
of transportation energy alternatives also needs close 
coordination with efforts aimed at energy efficiency, 
air pollution and traffic congestion. 
To assure that adequate progress toward develop-
ment of transportation energy alternatives is main-
tained and effectively integrated with the state's other 
important transportation goals, CEC should: · 
• Develop, in collaboration with the Department of 
Transportation and the Air Resources Board, a 
coordinated strategy to address the energy, air 
quality and system improvement needs of Califor-
nia's transportation sector. 
• Continue its leadership in the development and 
commercialization of methanol fuel, including transi-
tion opportunities with flexible fuel vehicles and 
blending with petroleum fuels. 
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• Extend its alternative vehicle development efforts to 
include broad investigation of the potential and 
benefits of CNG, propane and electric vehicles. De-
velop activities to support expanded commercializa-
tion of these alternatives as determined to be 
appropriate. 
• Examine the state's transportation sector to identify 
specific end uses that may offer favorable markets 
for the introduction of alternative energy sources 
and technologies. 
• Evaluate options for a more active state role in the 
area of vehicular fuel economy improvement and 
other transportation energy efficiency measures. 
• Initiate and participate in joint development projects 
with the federal government and private industry to 
accelerate cost-effective introduction of transporta-
tion alternatives and efficiency improvements hav-
ing both state and national benefits. 
• Pursue an active role in an improved national and 
international technology integration and transfer ef-
fort for promising transportation energy technolo-
gies. 
Conclusions and Recommendations 
Petroleum 
Development of California's remaining petroleum re-
sources poses more important implications for the 
state's environment and economy than for its energy 
future. Even with full development of the state's in-
digenous petroleum resources-which would meet 
with severe environmental obstacles-California is 
destined to be increasingly dependent on oil imports 
if current demands for petroleum products persist. 
Therefore, the value of expanded petroleum develop-
ment to the state should be carefully weighed against 
the potential environmental consequences. 
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Conclusions and Recommendations 
Natural Gas 
Natural gas can make further important contribu-
tions to California's energy diversity and air quality. 
However, there is a need for consensus among gas 
suppliers and state and federal regulatory agencies 
on the extent of new supply arrangements and deliv-
ery systems required. Therefore, California's energy 
agencies (CEC and the Public Utilities Commission) 
should work together with federal agencies, natural 
gas suppliers, and trade associations such as the 
American Gas Association to realistically assess the 
future adequacy of the state's existing gas supply 
system and to achieve a consistent approach to fur-
ther development needs in gas supply and applica-
tions. 
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Summary of Major Energy Development Trends in California 
ELECTRICITY 
Today, California's electricity supply Is more reliable and less dependent on petroleum due to the 
development of a diversity of energy resources. With adequate supplies assured through the mld-1990s, 
future development should be directed to refining the state's existing supply system In the near term and 
to pursuing technologies best suited for addressing the long-term electricity supply Issues. 
California's electric utilities now have the capability 
to maintain a reliable and adequate supply of electric-
ity for the state. Power plant capacity recently added 
or expected to be built will exceed the forecasted 
statewide electricity demand through the mid-1990s. 
Consequently, future development of electricity supply 
technologies should focus on addressing the long-
term issues affecting California's electricity needs. In 
the near term, the state's electricity supply will benefit 
from development activities which refine the operation 
and utilization of existing power plants. Two major is-
sues affecting the state's existing electricity supply 
system are: load-following capability and environmen-
tal protection. 
Demand for electricity by energy users varies 
throughout the day. Although California currently has 
adequate electricity supplies, development is needed 
to improve the load-following capability of these sup-
plies to better match fluctuating customer demand. 
Electricity storage technologies offer the potential for 
continuous operation of baseload power plants (large 
fossil-fuel steam and nuclear plants) at or near full 
load capacity. Although there is an energy penalty as-
sociated with using this approach, storage technolo-
gies improve the overall efficiency of the existing 
electricity supply by maximizing operation of the pow-
er plants which generate electricity at the lowest cost. 
Development of compressed air energy storage and 
storage batteries is needed to overcome barriers to 
expanded use of electricity storage in California's 
electricity supply system. Continued development of 
non-generation technologies such as advanced cool-
ing and lighting technologies enables load manage-
ment programs to be implemented which can 
significantly contribute to reducing peak electricity de-
mand. 
Air pollution remains a severe environmental prob-
lem In California as well as throughout the United 
States. Although progress has been made, ambient 
air quality standards have yet to be achieved in the 
South Coast Air Basin (SCAB) and other areas of the 
state. The federal government is focusing attention on 
the problem of acid rain pollution. In both cases, the 
primary air pollutant of concern from California's exist-
ing power plants is nitrogen oxides (NO,). As part of 
the solution to improving air quality, many regulators 
believe additional reductions in power plant NO, emis-
sions must be achieved. This will likely require exist-
ing gas/oil-fired power plants in the SCAB to use 
emerging NO, control technologies which have not 
been demonstrated in commercial applications. Co-
generation projects in many areas of the state will 
have to use advanced NO, controls which have lim-
ited commercial operating experience, and out-of-
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state coal-fired power plants owned by California utili-
ties will have to be retrofitted with expensive, new 
control technologies. Therefore, California will have to 
take the lead in development of advanced NO, emis-
sion control technologies for power plants. 
In the long term, California should develop an elec-
tricity supply which provides the lowest cost power to 
consumers and uses a diversity of energy sources to 
reduce the risk of power shortages in the event of an 
energy supply disruption. Electricity retail rates in Cali-
fornia are well above the national average. Moreover, 
some areas of the state pay almost three times more 
for electricity than other areas. These high electricity 
costs will result in more municipalities, industries, 
commercial business, and even individuals pursuing 
electricity "self-generation"-that is, producing elec-
tricity for one's own consumption. Recent commercial 
availability of small, modular generating units has con-
tributed to this movement. Continued development of 
these technologies offers a way to better match ex-
pansion of the state's electricity generation system 
with growth in electricity demand. 
One energy resource offering a relatively low-cost 
electricity generation option, which is not dependent 
on foreign oil supplies, is the abundant coal reserves 
in the United States. Advanced pulverized coal, flui-
dized-bed, and integrated coal gasification combined 
cycle technologies are being developed for coal-fired 
power plants. These technologies offer improved effi-
ciency and load flexibility, and significantly reduced air 
pollutant emissions compared with the levels 
achieved by current coal technologies. All of these 
advanced coal technologies should be pursued for fu-
ture development as part of California's electricity 
supply. 
Developing of California's indigenous renewable en-
ergy resources (e.g., geothermal, wind, biomass, so-
lar) for electricity generation offers benefits to the 
state in addition to electricity supply diversity. Howev-
er, further development of these resources in the 
near term will be slowed by the low Rrices electric 
utilities currently are willing to pay to buy electricity 
("avoided costs"), expiration of special tax incen-
tives, and the institutional ramifications of an oversup-
ply of electricity. Technologies using indigenous 
resources can compete at current average electricity 
retail rates-ranging from 8 to 12 cents per Kwh-
which are high because of past utility capital invest-
ments. However, these technologies cannot compete 
at current avoided costs-ranging from 3 to 5 cents 
per Kwh-which are low because of current oil prices. 
Furthermore, near term prospects are limited for de-
veloping technologies which will allow power plants 
using indigenous energy resources to generate elec-
tricity at low avoided costs. Thus, future development 
in the electricity sector is expected to be oriented to-
ward technologies which will: 
• allow consumers to lower their energy costs by 
self-generating their own electricity; 
• match utility system needs (load-following and elec-
tricity storage technologies) ; 
• improve the environment or resolve environmental 
problems associated with energy development; 
• produce electricity at such low costs (avoided 
costs) that they displace more expensive sources 
from the utility system; and 
• provide significant cost-reduction or other benefits. 
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Summary of Major Energy Development Trends in California 
TRANSPORTATION 
Both energy and environmental Issues must be resolved In California's transportation sector. Yet, higher 
demand and lower prices for petroleum motor fuels pose a formidable dilemma for the development of 
competitive transportation energy alternatives. 
Diversity of energy sources, an important goal for 
all of California's energy-using sectors, continues to 
elude the state's transportation network. Progress to-
ward the application of non-petroleum forms of trans-
portation energy continues, but its pace is severely 
constrained by the return of favorable oil supply and 
price conditions. The only alternative fuels that have 
managed even the slightest commercial inroads in the 
use of petroleum fuels-propane and ethanol-have 
suffered market deterioration as gasoline prices have 
reached unexpectedly low levels. And the prospects 
for widespread introduction of methanol fuel, the sub-
ject of a major state demonstration program, have 
likewise been set back. 
Meanwhile, demand for petroleum transportation 
fuels has resumed an upward trend, with 1985 con-
sumption surpassing the previous peak year of 1978. 
On the positive side, the efficiency of tr·ansportation 
fuel use has increased significantly, due largely to ad-
vances in vehicular fuel economy. This continuing im-
provement is helping to stabilize growth in 
transportation energy demand, which otherwise would 
be occurring at a much higher rate. 
The transportation sector also continues to be a 
major contributor to air pollution problems in the 
state. Substantial reductions in motor vehicle emis-
sions are necessary if there is to be any chance of 
meeting air quality goals. The combination of energy 
and environmental goals should be a sufficient incen-
tive to force changes in California. Still no process is 
in motion that can be counted on to accomplish the 
desired transition to cleaner, non-petroleum sources 
of transportation energy. 
But the development of several transportation ener-
gy options compatible with environmental improve-
ment goals is proceeding on many fronts. Viewed as 
a whole, these separate and sometimes rival develop-
ment paths offer real evidence that transportation en-
ergy diversity is within reach. And, while each of the 
alternatives may have its own limitations and remain-
ing development needs, all deserve attention as po-
tential contributors to a less petroleum-reliant 
transportation sector. 
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Methanol can either replace or combine with petro-
leum fuels, providing a clean liquid fuel that can be 
made from coal. As the result of government subsi-
dies, ethanol, a more expensive form of alcohol, has 
had limited introduction in direct use and as a petro-
leum fuel additive. Natural gas and propane can both 
be used in dual-fueled vehicles that retain petroleum 
fueling capability. Electric vehicles and electrified tran-
sit systems can reduce petroleum-fueled vehicular 
travel in urban areas. And meanwhile, hydrogen fuel 
holds future promise but needs major breakthroughs 
in production and storage technologies. Along with 
continued progress in conservation of transportation 
energy, these alternatives could contribute to a strat-
egy for transportation energy diversity and environ-
mental improvement like that which has succeeded in 
electricity supply. 
Summary of Major Energy Development Trends in California 
PETROLEUM 
Oil Production and consumption In California continue to react to changes In world market conditions. 
California's demand for some petroleum products, 
as well as its production of crude petroleum, both 
reached new record levels in 1985. But the state con-
tinues to import about half the oil it needs, while at 
the same time exporting some of its crude oil produc-
tion to out-of-state refineries for processing. Develop-
ment of newly-discovered, off-shore fields and 
expanded thermally-enhanced oil recovery (TEOR) 
activity in inland fields could result in major increases 
in state crude oil production within the next few years. 
After this production increase peaks in the early 
1990s, a decline in state oil production is expected to 
follow as resources are depleted. At that point, with 
Alaskan production also starting to decline, California 
may again have to increase its reliance on imported 
oil, returning to pre-Alaskan pipeline conditions of the 
early 1970s. 
Coastal oil development projects are subject to at 
least two major uncertainties. The first involves envi-
ronmental issues. Protection of sensitive coastal 
areas and air quality regulations already combine to 
limit the extent of offshore field development. Further 
limitations could be imposed if ongoing environmental 
challenges succeed. However, current development 
momentum appears to be overcoming environmental 
barriers, and enough projects have already gained ap-
proval to provide for substantial production increases. 
But an even bigger question mark involves econom-
ics. If current low oil prices continue to prevail, deve-
lopment activity may be scaled back, or at least 
delayed. 
TEOR activity may face similar effects of market 
price conditions. In addition, TEOR expansion faces a 
major air quality regulatory issue that appears to have 
a solution in the form of natural gas. The use of gas 
in place of recovered oil as the fuel for the steam-
producing boilers results in sufficient emission reduc-
tions to gain regulatory approval for further develop-
ment. Advanced coal combustion systems are also 
apparently meeting emissions regulations, and so coal 
may also become a significant source of TEOR fuel. 
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Summary of Major Energy Development Trends in California 
NATURAL GAS 
New opportunities for natural gas use raise important questions regarding the need for development of 
additional gas supply capability. 
Natural gas suppliers are seeking new markets for 
their product. Along with the TEOR market, industrial 
and commercial facilities, gas appliances, and trans-
portation are among the new markets being actively 
pursued. Given California's limited in-state gas pro-
duction potential, the state is expected to remain de-
pendent on gas delivered by pipeline from other 
western states, Canada, and Mexico. The extent of 
additional supply development needed to provide fu-
ture natural gas supplies to the state is a subject of 
ongoing debate. 
Gas production is expected to decline before the 
end of the century in the southwestern states which 
are currently the major areas of supply. However, 
other out-of-state gas supply sources, particularly 
Canada, the Rocky Mountain states, and Mexico, ap-
pear to have adequate resources to support expand-
ed gas deliveries to California. Progress in securing 
supplies from these sources and demonstrating ade-
quate delivery capability to serve both traditional and 
new markets is necessary if the state is to become 
more reliant on natural gas. 
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Introduction 
Due to California's ample electricity supplies and lower avoided cost prices, many electricity supply 
sources are not cost-competitive In today's near-term electricity market. 
California's electricity supply has undergone a major 
transformation during the past ten years. Whereas 
California once relied on gas/oil-fired power plants to 
supply over two-thirds of the state's electricity needs, 
major nuclear plants have been completed and many 
new sources have been developed. Today, California 
obtains electricity from more different energy sources 
-hydroelectric, coal, nuclear, geothermal, wind, solar 
and biomass-than any other place in the world. In 
addition, the rate of electricity demand growth has 
been greatly reduced through many successful con-
servation efforts. 
The shift in the mix of electricity sources in Califor-
nia was produced by a combination of economic and 
legislative factors. The events in the world petroleum 
market, beginning with the Arab oil embargo in 1973-
74, significantly increased the costs of generating 
electricity using gas/oil-fired power plants. Enactment 
of the federal Public Utility Regulatory Policies Act 
(PURPA) removed key barriers to the development of 
power plants by non-utility parties. This stimulated the 
development of third-party cogeneration facilities and 
small power plants using renewable energy resources. 
The development of power plants using renewable 
energy resources was further stimulated by special 
tax incentives to investors as well as major state and 
federal government-sponsored research and develop-
ment (R&D) programs. 
The economic conditions affecting electricity supply 
development have changed significantly in 1986. Cur-
rently California is facing a potential oversupply of 
electricity. Supplies of oil and natural gas are now 
available at the lowest prices in many years. Large 
coal-fired and nuclear power plant projects begun by 
California's electric utilities in the 1970s are being 
placed into service. In addition, there is abundant 
"economy" energy from over-built utility systems in 
the Northwest and Southwest regions of the United 
States. The consequences of lower fossil fuel prices 
and start-up of new utility generating capacity have 
resulted in a significant reduction in the rates (called 
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"avoided costs" or "buyback rates" ) utilities pay to 
buy electricity from third-party generators. Further-
more, the special tax incentives for developing renew-
able energy based power plants are expiring, and 
federal government R&D support for many generating 
technologies has been eliminated. The net effect of 
these changes is that many of the projects being de-
veloped in the 1970s and early 1980s are no longer 
cost-competitive in today's near-term electricity mar-
ket. 
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California historically 
depended on gas/oil· 
fired power plants for 
most of Its electricity 
supply. 
Today, California Is 
diversifying Its elec· 
trlclty supply by 
development of 
plants using lndlge· 
nous energy re· 
sources. 
Electricity consumers 
are generating their 
own electricity by 
building cogeneration 
facilities. 
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Current Status and Future Development In California 
Although Callfomla has adequate near-term supplies of electricity, this energy must be tailored to meet 
specific needs. 
Because residential, commercial and industrial sec-
tors all have different electricity requirements, the to-
tal demand for electricity varies hourly, daily, 
seasonally, and annually. Utilities use a mix of power 
plants, which gives them flexibility to match the most 
cost-effective generation methods with fluctuating 
customer demand. Two basic types of generating 
facilities are used: baseload and load-following. 
Baseload facilities provide the electricity to meet 
the minimum level of demand that occurs throughout 
a season. These facilities operate continuously over 
long periods of time at or near full capacity. General-
ly, a utility's most efficient plants which generate elec-
tricity at the lowest fuel .cost are assigned to baseload 
service. Technologies built for baseload service have 
typically been large fossil-fuel steam, hydroelectric, 
nuclear power plants and, more recently, cogenera-
tion and geothermal. 
Load-following facilities supply electricity to meet 
daily fluctuations of electricity demand in excess of 
the continuous baseload demand. These facilities 
must be able to handle a large number of start-ups 
and shut downs, as well as respond to frequent load 
adjustments. Peaking units are load-following facilities 
which provide electricity during periods when load de-
mand is at maximum levels (e.g., during a weekday 
afternoon on a hot summer day) or when there is an 
unscheduled shutdown of a baseload unit. Technolo-
gies now used for load-following service are gas/oil-
fired steam power plants, combustion turbines, and 
pumped hydro storage facilities. 
Under historic electricity production practices, utili-
ties could build facilities specifically designed to meet 
these needs. But California's trend toward independ-
ent energy production has only recently focused on 
meeting varying energy demands. Alternative tech-
nologies such as cogeneration typically rely largely on 
continuous baseload operation to be economically vi-
able. Other technologies such as solar and wind are 
subject to "fuel" availability and therefore cannot be 
turned on and off as needed. With future baseload 
needs largely satisfied, technological development 
must focus on tailoring alternative technologies for 
load following service. 
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The abundance of energy and proliferation of inde-
pendent energy production facilities have pushed the 
existing transmission/distribution system to capacity. 
The modification and expansion of existing transmis-
sion/distribution capabilities must be given more at-
tention. 
Finally, high electricity retail rates have encouraged 
many electricity users to investigate self-generation 
and develop new energy generation technologies 
matched to smaller load requirements. 
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Development of Electricity Storage Technologies 
Electricity storage technologies offer the potential, In combination with baseload facilities, for load-follow-
Ing duty, albeit at an efficiency loss. Development and demonstration of advanced technologies are need-
ed to expand and accelerate commercialization of energy storage. 
Electricity storage technologies provide a method of 
handling peak and intermediate load demand using 
existing utility baseload and, potentially, "as available" 
power plants (e.g., wind and solar). Electricity gener-
ated by baseload plants can be stored during periods 
of low demand and released during periods of peak 
demand. However, electricity storage imposes an 
unavoidable energy penalty due to the laws of nature. 
Any storage technology is a net electricity consumer. 
Offsetting this disadvantage is the difference in elec-
tricity generating cost between a baseload plant and 
a peaking unit. For example, electricity generated by 
a combustion turbine costs two to five times more 
than baseload electricity. 
·Pumped hydro storage is the only utility-scale stor-
age technology in widespread use today in the United 
States. However, it is becoming difficult to site new 
pumped hydro facilities if they use large, above-
ground reservoirs. If all of the water is stored under-
ground, pumped hydro storage is economically feasi-
ble only if built in very large plants greater than 500 
MW. 
Compressed air energy storage (CAES) is a central 
station storage technology in which electricity is used 
to pressurize an underground storage cavern with air. 
When the energy is needed, the compressed air is 
mixed with fuel and burned in a combustion turbine. 
Development of a CAES plant requires a suitable 
geologic formation. The air may be stored in man-
made excavations in salt domes or hard rock forma-
tions, or in naturally-occurring porous rock aquifiers. 
The presence of these types of formations in Califor-
nia are being investigated. A CAES plant uses oomer-
cially-available equipment and well-established mining 
technology. A commercial CAES plant has operated 
successfully in West Germany for many years. 
However, interest in CAES technology in the United 
States is just beginning. Two California utilities, South-
em California Edison (SCE) and Sacramento Munici-
pal Utility District (SMUD) have investigated CAES 
technology and candidate sites. The first CAES facility 
in the United States, a 50-MW plant In Alabama, Is 
scheduled for operation in 1989. 
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Battery storage of electricity involves converting 
electrical energy into potential energy stored by 
chemicals. Batteries are more efficient than hydro or 
CAES storage systems, but do not benefit from 
economies of scale. Both lead-acid and zinc-chloride 
batteries have been tested successfully. The next 
step in development of battery storage is the building 
of commercial scale units to demonstrate the per-
formance of the batteries over extended periods and 
under a variety of commercial operating conditions. 
Figure 3 
COMPRESSED AIR ENERGY STORAGE {CAES) PLANT 
Exhaust 
Valves 
Air storage cavern 
Schematic Source: Modern Power Systems. Feb. 1986 
Figure 4 
t 
A CAES plant uses a modified conventional combus-
tion turbine cycle. A separate compressor and gas 
turbine are connected independently to a generator/ 
motor by clutches. Off-peak electricity is used to run 
the motor (a generator operated in reverse) to drive 
the compressor. Ambient air is pressurized and in-
jected into an underground cavern. When peak elec-
tricity is needed, the compressed air is released 
directly into a combustor where it is mixed with a fuel 
and burned to drive the turbine now connected to the 
generator. 
COMPARISON OF ELECTRICITY STORAGE TECHNOLOGIES 
Storage Facility Advantages Disadvantages 
Technology Size 
Above ground • proven technology • limited site availability 
reservoirs • 6 plants in California • very high capital costs 
Pumped > 100MW • can be used for plants greater • long construction time 
Hydro than 1000 MW • not suited for small capacity 
Storage Below ground • no air emissions applications 
reservoirs 
>500MW 
Mini-CAES • commercially available technology • requires suitable geologic site 
Compressed 25-50 MW • used in Europe • not demonstrated in U.S. 
Air Energy • modular construction • uses gas or oil fuel 
Storage Maxi-CAES • more siting flexibility and lower • requires air pollutant controls 
200-300MW capital cost than hydro storage 
• more efficient storage technology • technology still in R&D 
Storage • modular construction • does not benefit from economies 10-20 MW • no air emissions of scale Batteries 
• can be sited in urban or remote • very expensive to use for large 
areas plants 
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Economics of Non-Utility Owned Power Plant Development 
The development of many types of cogeneration and renewable energy power plant projects has been 
retarded by the reductions In project prontab/1/ty resulting from low avoided costs and changes In tax 
policy. 
The Public Utilities Regulatory Policies Act of 1978 
(PURPA) initiated changes in the rules regulating the 
electric utility industry which stimulated development 
of the non-utility power producer. California has ag-
gressively implemented PURPA and as a result, the 
majority of biomass-fired plants, wind turbine farms, 
small hydroelectric and cogeneration facilities are 
owned and operated by independent energy produc-
ers. Furthermore, the combined capacity of proposed 
cogeneration projects in the state exceeds the fore-
casted statewide needs for additional generating 
capacity. 
Development of non-utility power plants by the pri-
vate sector is dependent on the profitability of these 
projects. If a project does not have a sufficiently high 
rate-of-return, it will not be acceptable to investors 
and will be unable to obtain financing. Non-utility pow-
er plant profitability is very sensitive to two factors: 
avoided cost and tax policy. 
The price an electric utility will pay to buy electricity 
generated by a non-utility owned power plant or co-
generation facility is determined by the utility's avoid-
ed cost. Avoided cost is the marginal cost that the 
utility would have paid to generate the electricity itself, 
and consequently is very dependent on the utility's 
fuel costs. Because of the declining natural gas and 
oil prices and the start-up of new utility nuclear and 
coal-fired power plants, current avoided costs in Cali-
fornia are significantly lower than previous 1980s lev-
els, and are expected to decline further. Lower 
avoided costs decrease the electricity buyback rates 
paid by a utility, which decreases the revenue re-
ceived by the non-utility power producer. Lower reve-
nues reduce the profitability of the non-utility power 
plant project. Thus, cogeneration projects will tend to 
be sized to meet on-site needs, thereby displacing 
high retail rates, and many planned non-utility power 
plant projects may be cancelled due to inability to ob-
tain financing. 
Tax incentives such as investment tax credits and 
accelerated depreciation were provided for renewable 
energy projects which began operation before 1986. 
These tax benefits improved the profitability of many 
non-utility power plant projects to a level which at-
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tracted significant private sector interest in developing 
alternative electricity generating technologies in Cali-
fornia. For example, the rapid growth in wind power 
generation in the state was stimulated by very favora-
ble tax benefits. The federal tax incentives expired at 
the end of 1985, and are not likely to be available in 
the foreseeable future. Thus, without tax benefits, the 
profitability of many cogeneration and renewable en-
ergy power plant projects is not high enough to justify 
further private sector development of these projects. 
Figure 5 
10 
9 
8 
7 
.c 6 
~ 5 
-e.. 4 
3 
2 
1 
0 
QUARTERLY AVOIDED COSTS- ¢/kwh* 
JAN 1982- MAY 1986 
1982 1983 1984 1985 1986 
*Energy & As-Delivered Capacity 
.c 
Figure 6 
NOMINAL LEVELIZED COSTS 
FOR WIND BEGINNING OPERATION IN 1990 
20 I Wind1 1 • ' '" ' m l 
18 
16 
14 
12 
Lll w/o Tax Credit 
- w/40°/o Tax Credit 
~ 10 
..._ 
a. 8 
6 
4 I 
2 
0---
1) Wind is represented by best, most likely, & worst case scenarios: 
Best: Project Life - 20 years; cap. Factor-35% 
Most Likely: Project Life - 20 years; Cap. Factor-25% 
Worst: Project Life -10 years; Cap. Factor-22% 
2) PG&E's 10 year levelized energy & capacity prices 
w/now suspended standard offer #4. 
20 
PG&ES0#4 
Levelized Prices2 
PG&EAnnual 
. Avoided Costs, 
1986 
New and Existing Energy Technologies-Development Status and Prospects 
ELECTRICITY SUPPLY OPTIONS 
Development of Generation Technologies for Indigenous Energy Resources 
California has made great strides In the development of Indigenous energy resources for all technologies. 
Further technology breakthroughs will continue to occur, but at a slower pace as they respond to price 
signals. 
Generating electricity using indigenous energy re-
sources helps reduce the risk of electricity shortages 
in the event of an energy supply disruption. However, 
power plant economics are primary factors determin-
ing the extent to which future inroads can be made in 
the use of indigenous energy resources. If technology 
advances which lower initial capital costs or increase 
plant efficiency and reliability can be achieved, im-
provements in power plant profitability may offset any 
profit reductions due to lower avoided costs or 
changes in tax policy. 
Biomass, municipal solid waste, landfill gas or sew-
age sludge can be burned for electricity production by 
adapting conventional combustion technologies. 
However, the combustion characteristics of alternative 
fuels require equipment design considerations which 
substantially increase the capital investment and op-
erating costs for plants. Because of these inherent 
problems, further price reductions will be difficult to 
achieve using these fuels. Also, requirements in many 
areas of the state for advanced NO. emission con-
trols and for special ash handling and disposal in-
crease the development costs of alternative fuel 
power plants. 
Significant additions to geothermal power genera-
tion capacity depends on the development of the 
more abundant but lower-quality liquid-dominated geo-
thermal resources in California. Use of these re-
sources requires developing technologies such as 
flashed steam and binary cycle. Operating costs for 
these technologies are currently being investigated. 
The first commercial flashed-steam power plants are 
operating or being built in the Imperial Valley and 
Coso Hot Springs areas. Small-scale binary cycle 
geothermal demonstration projects have been operat-
ing for several years. The world's first binary cycle 
demonstration plant using utility-scale components re-
cently began operating in the Imperial Valley. 
Wind and solar power generation technologies have 
characteristics which are attractive for California. 
These types of power plants use renewable energy 
sources; can be built in modules allowing generating 
capacity to be incrementally added to match load 
growth; produce no major air or water quality impacts; 
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and have no "fuel" costs and low operating and 
maintenance costs. However, because the energy 
available from the wind and the sun is diffuse, power 
plants using these energy sources have high capital 
costs. In addition, tl;lese plants require more land than 
equivalent capacity power plants which use other 
types of generating technologies. Progress can be 
made to develop the higher efficiency, lower cost 
photovoltaic cells, heliostats, and solar concentrators 
necessary to allow solar power plants to be competi-
tive in areas with high energy costs or to satisfy ex-
pensive peak energy demand. 
ARCO Solar, Inc., built and operates the first megawatt-scale photoelectric power plant at Hesperia, Cali-
fornia, a 1-MW demonstration plant covering 20 acres. In addition, ARCO Solar owns and operates a 6-MW 
photovoltalc power plant In Carrlsa Plain, California. Module design Improvements have Increased effi-
ciency and reduced the number of modules needed In the Carrlsa plant. 
The Heber binary-cycle geothermal project, operated by San Diego Gas & Electric Company, began operation In late 
19851n California's Imperial Valley. A two year demonstration phase of the 45 (net) MW plant- the first commercial 
application of binary geothermal technology- will continue until1988. 
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Development of Advanced Emission Controls for Existing Power Plants 
A renewed emphasis on achieving Improved air quality could result In new, more-stringent air pollutant 
emission limits for existing power plants which will require these plants to employ advanced emission 
control technologies. 
California electric utilities still rely on fossil fuel 
combustion as part of the energy production mix. 
Combustion produces air pollutants; however, Califor-
nia's air quality problems require power plants to op-
erate at low pollution loads. Many regulators are 
beginning to believe that lower levels must be 
achieved. For both oil/ gas-fired steam and combus-
tion turbine power plants, nitrogen oxides (NO.) is 
the pollutant of concern. California is unique among 
the states in its pursuit of advanced NO. control from 
stationary sources. Therefore, California will have to 
take the lead in technology development. To control 
NO. emissions, utilities presently rely primarily on 
combustion modification techniques. New techniques 
being tested to further reduce NO. emissions from 
gas/ oil combustion include advanced low NO. burners 
and combustors, methanol overfiring, and ammonia 
injection flue gas controls with and without catalysts. 
Switching to "cleaner" fuels is an effective NO. re-
duction measure. California utilities now can readily 
switch to natural gas, the cleanest conventional fuel 
available. However, if natural gas supplies diminish in 
the 1990s, as some experts are predicting, increased 
oil use will also increase air pollutant emissions un-
less additional controls are installed. Methanol has 
been shown to have low NO. emitting characteristics. 
The economics ·of methanol currently prohibit exten-
sive use. However, recent studies confirm that small 
quantities of methanol can be fired in conjunction with 
natural gas to achieve major NO. reductions. This 
"overfiring" technology requires further study, but of-
fers potential. Nevertheless, the economics of metha-
nol will continue to limit its use to facilities with 
low-capacity factors. 
Flue gas controls are the type of NO. control least 
desired by power plant operators due to retrofit com-
plications and operational complexity. Nevertheless, 
these controls often yield the largest emission reduc-
tions at the lowest cost for baseload facilities. 
Demonstrations have been conducted on commercial 
facilities in California, but they have still not met total 
acceptance. Upcoming widespread use on combus-
tion turbines will yield significant information on issues 
such as degradation and catalyst life. 
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Pulverized coal-fired power plants provide a signifi-
cant portion of the baseload capacity for California 
electric utilities. Combustion of coal produces large 
quantities of sulfur oxides as well as NO. and is the 
focus of recent acid rain concerns. Very expensive 
flue gas desulfurization (FGD) systems are already in 
use on most facilities supplying energy to California. 
However, NO. emissions may be the target of further 
control. The development of new technologies which 
allow coal to be burned for electricity generation with 
lower air pollutant emissions has gained new momen-
tum. California should consider involvement in upcom-
ing federal programs to encourage advanced pollution 
control technology development. 
Figure 7 
CANDIDATE NOx CONTROL TECHNOLOGIES FOR EXISTING UTILITY 
POWER PLANTS 
Potential 
NOx Control NOx Development 
Technology Reduction Status 
Low excess air 15% Commercial 
Overfire air 30% Commercial 
Methanol overfiring 50% Pilot studies 
Low-NOx Burners 50% Commercial 
Low-Nox burner and overfire air 80% Pilot studies 
Low-Nox burner and fuel staging 80% Pilot studies 
Two Stage Absorption 80% Demonstration 
Selective Non-Catalytic ·Reduction 90% Pilot studies 
Selective Catalyst Reduction 90% Pilot studies 
Electron Beam Irradiation >90% Pilot.studies 
Figure 8 
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Development of Disposal Methods for Power Plant Waste 
Callfomla needs new special waste disposal sites for radioactive and hazardous waste by-products of 
electricity generation. 
California's existing electricity supply depends on 
nuclear power plants to provide a major portion of the 
state's baseload capacity. The burning of municipal 
solid waste and other alternative fuels for electricity 
production is receiving considerable interest through-
out the state. These generation technologies produce 
waste by-products which may require special handling 
and disposal. 
The foremost health and safety issue affecting 
electricity supply in California is the disposal of ra-
dioactive wastes from the state's existing nuclear 
power plants (SCE's San Onofre, PG&E's Diablo 
Canyon, and SMUD's Rancho Seco). A nuclear pow-
er plant produces two major types of radioactive 
wastes: high-level wastes (spent nuclear fuel) and 
low-level wastes (essentially all other radioactive 
wastes produced at the plant). 
High-level waste (HLW) disposal has been desig-
nated the responsibility of the federal government by 
the Nuclear Waste Policy Act of 1982. That act re-
quires the Department of Energy (DOE) to begin ac-
ceptance of HLW by January 31, 1998; this timeline 
has recently been extended to year 2000. No accepta-
ble method for permanent disposal of HLW has yet 
been developed. In the interim, utilities in California 
operating nuclear plants provide at-reactor storage for 
spent fuel. The DOE presently is developing a siting 
procedure to locate one or more geologic repositories 
for permanent HLW deposition. Finding a site with 
suitable geologic properties is proving to be very dif-
ficult. 
Low-level waste (LLW) disposal has been desig-
nated the responsibility of state government. The fed-
eral Low-Level Radioactive Waste Amendments Act 
of 1985 requires any state that has not provided for 
appropriate LLW disposal by January 1, 1996, must 
take title to all LLW produced within its borders. In 
December 1985, the California Department of Health 
Services signed a contract with U.S. Ecology Incor-
porated to build and operate a LLW disposal facility in 
California. A site for this facility has yet to be select-
ed. 
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Another waste disposal issue beginning to affect 
electricity supply development throughout California is 
the disposal of wastes from alternative energy facili-
ties. One alternative technology-coal gasification-
has had its ash certified as nonhazardous. However, 
analysis of MSW-to-energy and biomass plant ash in-
dicates that the bottom ash, and especially the fly 
ash material, may be classified as hazardous material 
due to metal condensation on particulate matter. For 
geothermal power production, well drilling and H2S 
abatement produce by-products which are classified 
as hazardous materials. Materials classified as haz-
ardous require costly special handling and transport 
to a Class I landfill. California has a shortage of Class 
I landfills and these may be faced with closure due to 
environmental problems. Thus, new sites for disposal 
of hazardous materials are required, or methods for 
stabilizing the materials must be developed. 
Figure 9 
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In response to rising burial and transportation costs, most utilities are pursuing a combina-
tion of LLW packaging options that reduce waste volume to the minimum practical level. A 
wide range of volume reduction (VR) equipment Is now available for this purpose. Leading 
candidates appear to be supercompactlon systems for dry waste and evaporation/solidifi-
cation systems for liquid wastes. Incineration Is another option for dry waste; although it 
has been little used commercially In this country because of political and regulatory con-
cerns, extensive experience with incineration has been gained at many of the national 
laboratories. 
Source: Electric Power Research Institute, 1985. 
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Development of New Technologies for Future Power Generation 
Advanced low emission, high efficiency, modular generation technologies will allow new power plants to 
be built throughout Callfomla In phased Increments, and thus conserve capital and better match demand. 
Although California currently has an adequate sup-
ply of electricity, new power plants will be needed to 
replace generating capacity and to meet increased 
demand. This enables new power plants to be built 
which use generating technologies best suited to Cali-
fornia's electricity supply development goals. New 
technologies which are especially suitable for deve-
lopment in California are advanced coal technologies 
and fuel cells. 
The key to future use of coal as part of California's 
electricity supply is developing low emission, high effi-
ciency, load-following, modular generation technolo-
. gies. A variety of advanced coal combustion 
technologies are being developed which offer a low 
air polluting and cost-effective alternative to conven-
tional coal-fired power plants. These technologies are 
improved pulverized-coal firing methods, fluidized-bed 
combustion (FBC), and integrated coal gasification 
combined cycle (IGCC) power plants.~ new genera-
tion of coal firing methods, air pollution controls, and 
advanced materials is allowing utilities to adapt tried-
and-true pulverized coal power plant technology to to-
day's requirements. FBC technology, which already is 
widely used in other industries, is receiving enthusias-
tic development support from many utilities. Several 
major FBC power plant demonstration projects are 
being conducted throughout the United States, includ-
ing California. Coal gasification involves reacting pul-
verized coal and oxygen at high temperature and high 
pressure to produce a combustible gas mixture which 
can be burned directly to generate electricity or proc-
essed further to produce methane or methanol. This 
"co-production" of methanol produces fuel for peak 
and intermediate power needs-at costs lower than a 
"stand-alone" or coal-to-methanol plant-and en-
hances power plant availability. Major commitments 
by the utility industry are being made to integrate coal 
gasification technology with combined cycle power 
plant technology. Because IGCC is a complex tech-
nology, utility confidence in the long-term operation of 
these plants is essential for further development. 
A fuel cell is an energy conversion device that pro-
duces electricity by electrochemical reaction of oxy-
gen and hydrogen supplied by natural gas, methanol 
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or other hydrocarbon fuel. Fuel cell power plants are 
well-suited to California's electricity supply goals. A 
fuel cell has exceptional load following capability by 
responding rapidly to load changes and is very effi-
cient at all power settings. A fuel cell power plant re-
quires few moving parts, and therefore is a quiet, 
reliable, low-maintenance technology. The modular 
design and short construction time of fuel cells allows 
a plant to be built in increments. Finally, air pollutant 
emissions from fuel cell plants are significantly lower 
than emissions from combustion power plants. Eco-
nomics are the major barrier to the use of fuel cell 
power plants. Commercial demonstrations are current-
ly underway at various sites throughout California. 
Fuel cell improvements and mass production capabili-
ty will significantly help commercial viability. 
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The world's first demonstration of IGCC technology 
using commercial scale components is the Cool Wa-
ter Project located in the California Mojave Desert. A 
consortium of electric utility companies and major cor-
porations has funded the construction of the plant 
and a five-year demonstration program to obtain oper-
ating experience with the technology. The plant uses 
the Texaco coal gasification process and generates 
electricity for the Southern California Edison system. 
28 
The $294 million Cool Water plant began operation 
in May 1984. The successful performance of this plant 
over the last two years allows IGCC technology to 
now be considered commercially available. The suc-
cess of the Texaco gasification process and the Cool 
Water plant has encouraged the companies develop-
ing competing coal gasification processes to build 
demonstration projects in Louisiana and Texas, and 
has stimulated electric utility industry interest in devel· 
oping additional IGCC power plant projects. 
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Development of End Use Technologies 
Continued development of advanced cooling and lighting technologies for the commercial and residential 
sectors can contribute to reducing peak demand. 
Residential and commercial space cooling is largely 
responsible for growth in California's peak electricity 
demand. Use of higher-efficiency, gas-fired, or thermal 
storage cooling technologies is one method of reduc-
ing electrical power requirements for space cooling. 
The use of higher efficiency lighting systems reduces 
the heat load inside a building and can also reduce 
space cooling demand. 
The efficiency of air conditioners and electric heat 
pumps is continually being improved by the manufac-
turers. Additional efficiency improvements are possi-
ble. Packaged cogeneration systems, desiccant 
cooling, and gas-fired heat pumps are all technologies 
which use natural gas as the primary energy source. 
Packaged cogeneration systems are currently being 
field tested in hospital and restaurant applications. 
Desiccant cooling systems are available; however, the 
cost-effectiveness of using this type of system is still 
being evaluated. The Gas Research Institute is fund-
ing the development of gas-fired heat pumps with 
both heating and cooling capabilities. Commercial 
availability of this technology is not expected before 
1990. Thermal storage is a method for using ice or 
chilled water which has been prepared during evening 
and early morning hours to cool commercial buildings 
during the day. Equipment for both ice and chilled wa-
ter storage is commercially available at this time. 
However, because of uncertainty about costs and op-
eration, builders are reluctant to use this type of tech-
nology. 
Current state standards for lighting ballasts and im-
proved standards for lighting levels in new commer-
cial buildings, effective in 1987 and 1988, will reduce 
electricity consumption for lighting needs. However, 
the implementation of lighting technologies which cur-
rently are commercially available is estimated to fur-
ther reduce commercial lighting wattage consumption 
another 50 percent beyond state requirements. This 
reduction would be achieved by the combined use of 
solid-state electronic ballasts, automatic on-off con-
trols, and fluorescent dimming. The lighting industry is 
conducting research and development of other ad-
vanced lighting equipment and controls including high-
intensity discharge lamps and advanced interactive in-
telligent ballasts. These technologies offer the poten-
tial for further reducing wattage consumption. 
Rnally, some technologies such as low- and moder-
ate-temperature geothermal have the potential for di-
rect end use and should be further investigated in 
site-specific cases. 
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Figure 10 
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During off-peak periods, compi'IISSOrs compress a refrigerant that Is circulated through evaporator coils submerged In a tank of water. As the 
refrigerant expands, It absorbs heat, end a sheath of Ice builds up around the coils (some lea systems spray water on the evaporator colla end 
harvaallhln layara of lea Instead). When cooNng Is required, the cold water In the tank Is circulated through the building's cooling colla. 
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Introduction 
The transportation sector's nearly exclusive dependence on petroleum Is California's major energy prob-
lem. While further efficiency Improvements and changes in travel patterns can help, more diversified 
sources of transportation energy should be a primary goal. 
With continued progress of measures to improve 
motor vehicle fuel economy and increase the use of 
alternatives to automobile travel, rapid growth in Cali-
fornia's transportation energy demand can be avoid-
ed. If highly successful, such measures could even 
result in holding the overall consumption of motor 
fuels at current levels. Yet, without other changes, the 
state's transportation sector will still face an un-
healthy over-reliance on petroleum. Dependence on a 
single form of energy-petroleum-for virtually all of 
its mobility leaves California susceptible to whatever 
events lie ahead in the petroleum market. At the 
same time, an equal, if not greater, priority is to attack 
the state's difficult air quality problems, which are 
caused in large part by the combustion of petroleum 
transportation fuels. 
Fortunately, California has options that can simul-
taneously contribute to progress in both transportation 
energy diversity and air quality. Like the state's elec-
tricity system, California's transportation system can 
also begin to draw from a more varied, cleaner mix of 
energy sources. Such a transition will take many 
years to achieve, since its pace is currently impeded 
by the return of relatively low prices of the petroleum 
fuels that must be replaced. But orderly and sustained 
progress, shared by a well-integrated coalition of gov-
ernment and industry organizations, can be main-
tained during the "breathing" space which the current 
conditions provide. 
Today, only two alternatives-propane and ethyl al-
cohol (ethanol)-make a tiny dent (about one per-
cent combined) in California's use of petroleum fuels. 
Another form of alcohol, methanol, has been the sub-
ject of an earnest state-sponsored development effort 
and stands on the verge of commercial readiness. 
Natural gas in compressed form (CNG) is emerging 
as a candidate for major application as a transporta-
tion fuel, in addition to its other energy markets. Elec-
tric vehicles are also proceeding nearer to the point 
of offering a serious alternative. And hydrogen contin-
ues to progress toward the promise of an ultimate 
clean and abundant fuel source. With an evolving 
combination of these alternatives, California-and the 
country as a whole-can make increasing inroads in 
the use of petroleum. It is important that these vari-
ous energy sources be viewed as complementary, 
rather than competitive. Each could play its own sig-
nificant role in the strategy that proves to be the most 
realistic transportation energy solution. While the im-
mediate prospects for widespread introduction of any 
petroleum substitute remain limited by economic reali-
ties, it is important to take advantage of whatever 
market opportunities exist. Any economical market 
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niches that can be exploited in the near term will help 
further development progress and create a base for 
future expanded applications. 
As former Chief Operating Officer of the now de-
funct U.S. Synthetic Fuels Corporation, Jimmie R. 
Bowden is well aware of the diminished status of al-
ternative fuels development in the U.S. Asked by CEC 
to address a hearing committee examining California's 
continuing interest in fuel alternatives, Bowden of-
fered the following commentary: "One should never 
forget that the retarded state of the (synthetic fuels) 
industry is the direct result of an extremely favorable 
circumstance: the price of oil is significantly below 
predictions. I have no doubt that had energy prices 
proceeded along their forecasted trajectory, we would 
see a thriving synthetic fuels industry today. I think an 
alternative fuels strategy [still] makes sense for Cali-
fornia and the nation. The key issues are continuity 
and pace. We have a breathing space of five to ten 
years, and we should not permit sensible programs to 
decay in the time period before it's obvious to all that 
alternative fuels are critically necessary. " 
Figure 12 
CALIFORNIA PETROLEUM 
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Transportation fuels account for an Increasing 
fraction-currently almost three-fourths-
of California's petroleum consumption. 
New and Existing Energy Technologies-Development Status and Prospects 
TRANSPORTATION FUELS AND TECHNOLOGIES 
Reducing the Demand for Transportation Fuels 
Continuing Improvements In the energy efficiency with which we transport people and products can help 
to stabilize California's Increasing demand for motor fuels. 
Energy conservation in the transportation sector-
as in the electricity sector-offers the simplest and 
sometimes the least expensive means of meeting en-
ergy demand. These improvements include better fuel 
economy of new motorized vehicles, better roadways 
and traffic management, more use of mass transit, 
car pooling and bicycling. Another evolving approach 
seeks to reduce the need for travel, including more 
efficient community planning and the new concept of 
telecommuting, which allows some employees to work 
at home via computer terminals. Taken as a whole, 
these and other measures form an important compo-
nent of any plan to maintain reasonable prices and 
supplies of transportation energy. 
Measurable progress has already been made in 
most of these areas, serving to keep the demand for 
motor fuels from increasing at the same rate as over-
all transportation activity. In fact, without their contri-
bution-particularly that of improved vehicle fuel 
economy-we could be using 25 percent more petro-
leum for transportation than we are currently using. 
Significant additional potential remains. Like all con-
servation measures, however, the principle of dimin-
ishing returns limits the incremental energy savings 
(and cost-effectiveness) as more and more of this 
potential is realized. Therefore, conservation by itself 
cannot be relied upon to fully offset the state's grow-
ing demand for motor fuels, nor to reduce our exclu-
sive dependence on petroleum for transportation. 
Still, the case for further application of conservation 
measures in the transportation sector remains a com-
pelling one, even when alternative forms of energy 
are used. Attacking California's difficult air quality 
problems requires taking advantage of every opportu-
nity to reduce the pollutant contributions from all 
types of energy use. And alleviating the growing con-
gestion of the transportation system is a closely-relat-
ed priority. Combined with the extent of further 
achievable energy savings-perhaps enough to make 
the difference in a short-term supply shortage-these 
goals provide sufficient incentive for the state to 
maintain an active interest in energy conservation as 
part of an overall transportation strategy. 
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Following a four year period of declining demand (1978·1982) California's consumption of gasoline has resumed a 
sharp upward trend. Even sharper Increases In the use of diesel and aviation fuels combined to make 1985 a record 
year for use of petroleum fuels in the state. 
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Vehicle Fuel Economy 
Further significant advances in vehicle fuel economy are clearly technologically feasible. A stronger state 
role In this area should carefully consider the potential benefits and Implications. 
In the last decade, the average fuel economy of 
new gasoline vehicles made in the U.S. has almost 
doubled, increasing from 14 to more than 26 miles per 
gallon. The main engineering advances that made this 
possible include: 1 ) weight reduction through use of 
lighter materials and front-wheel drive; 2) improved 
body designs to reduce aerodynamic drag; and 3) en-
gine and drive-train efficiency increases. Additional 
advances in these and a number of other areas clear-
ly have the potential to achieve further significant 
gains in vehicle fuel economy. Some of the most pro-
mising developments currently being pursued are 
summarized in Table 1. 
Surging petroleum prices in the 1970s prompted an 
increased demand for more fuel-efficient vehicles of 
all types. Manufacturers of cars, trucks, boats-even 
airplanes-have all taken steps to improve the energy 
efficiency of their products. But impressive gains in 
fuel economy achieved by the U.S. auto industry with-
in the last decade are in large part the result of fed-
eral government regulation. Corporate Average Fuel 
Economy (CAFE) regulations enacted by Congress in 
1975 stipulated that the automakers achieve fleet-wide 
average fuel economy of 27.5 mpg by 1985. Only 
Chrysler Corporation is currently achieving this level, 
with Ford and General Motors appealing for, and re-
ceiving, a rollback of the standard to 26 mpg through 
the 1986 model year. The only factor preventing the 
27.5 mpg figure from being uniformly met appears to 
be the resurgence of car purchaser demand for the 
larger and higher performance classes of vehicles. 
Arguments for enforcing the 27.5 mpg CAFE stand-
ard-and indeed for enacting increasingly strict levels 
of future standards-appear to have a solid basis of 
support from a purely technical feasibility standpoint. 
As shown in Table 2, many vehicle models now on 
the market achieve fuel economy in the 35-45 mpg 
range, with advanced models under development ca-
pable of considerably higher (i.e., 50-100 mpg) 
economies. However, the issues associated with 
achieving better fuel economy are less related to 
technology availability than to issues like restricting 
choices available to the car buying public, vehicle util-
ity and safety, effects on the competitive position of 
the U.S. auto industry, and cost. 
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California could have more of an impact on whether 
or not increasingly energy-efficient automotive tech-
nology is mandated into the marketplace by taking a 
more aggressive position at the federal level. Even 
more effective measures such as higher state regis-
tration fees on low mpg-vehicles and increased state 
fuel taxes could be considered. However, such steps 
would undoubtedly be controversial. Therefore, a de-
cision to pursue a greater state involvement in vehicle 
fuel efficiency should be preceded by thorough 
evaluation of a range of options, comparing potential 
energy savings and other likely consequences. 
Table 1 
ADVANCED FUEL ECONOMY 
TECHNOLOGIES UNDER 
DEVELOPMENT 
Technology Innovation Companies 
Category Involved 
Engines Direct Injection Ford, VW, Volvo, 
Diesels Renault, Peugeot, 
lsuzu 
Ceramic Diesels Ford, Toyota, 
lsuzu, Opel 
Ultra Lean Burn Ford, Toyota, 
Honda, Mitsubishi, 
Mazda 
Variable Mitsubishi, Toyota, 
Displacement Porsche 
Transmissions Advance lsuzu, Honda, Fiat, 
Discrete Gear Renault, Subaru, 
Continuously GM, Ford 
Variable 
Advanced CD below 0.30 Ford, GM, VW, 
Aerodynamics Volvo, Subaru, 
Renault, Peugeot 
Advanced Plastics GM, Honda 
Materials Substitution 
Magnesium Volvo 
Substitution 
Accessories More Efficient A/C GM, Nissan, 
Toyota 
Energy Storage Flywheel Nissan, VW 
Stop/Start 
Flywheel Storage Toyota 
Source: Federation of American Scientists, Public Interest Report, Nov. 1985. 
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Table 2 
HIGH FUEL ECONOMY 
VEHICLES- PRODUCTION 
AND PROTOTYPE 
Company Model MPG Comment 
General Motors Chevrolet 55/60 Production 
Sprint mini-compact 
ER 
General Motors TPC 68/95 30 hp, 
1,000-lb. 
aluminum 
prototype 
Ford Escort FS 41/49 Production 
Diesel Compact 
Chrysler Dodge Colt 36/41 Production 
sub-pact 
Honda Civic HF 52/57 Production 
two-seater 
Suzuki Forsa 44/50 Production 
mini-compact 
Nissan Sentra Diesel 45/50 Production 
sub-compact 
Volkswagen Jetta Diesel 37/44 Production 
compact 
Volkswagen Auto 2000 63/71 1, 700-lb, 53 
Diesel hp prototype 
Renault Alliance/ 35/41 Production 
Encore compact 
Renault EVE/Diesel 63/81 Supercharged 
prototype 
Volvo CCP 2000 63/81 1,500-lb. 
Diesel prototype 
Sources: Automotive News, EPA Mileage Ratings for '86 Models, Oct. 28, 1985 
Federation of American Scientists, Public Interest Report, Nov. 1985 
Ford's Probe V aerodynamic prototype vehicle leads the Industry with a coefficient of drag of .137, lower than that of 
an F-15 fighter plane. 35 
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Changing Patterns of Transportation 
Measures to reduce highway vehicle travel rely largely on public acceptance and government subsidies, 
both of which place major limitations on these options. 
There are many opportunities for conserving trans-
portation energy that involve changing modes of 
travel (to higher-occupancy and non-motorized 
forms), reducing the need for travel, and improving 
the efficiency of transportation management. All these 
types of measures have equal, if not higher priority 
objectives of reducing traffic congestion and air pollu-
tion. For the most part, they also have a common ele-
ment of requiring substantial government funding and 
planning, and overcoming societal preference for un-
restricted personal automobile travel. As the state's 
population grows, increased traffic congestion is virtu-
ally certain, since new highway construction is not ex-
pected to keep pace. And more congestion could 
exact a significant energy efficiency penalty. 
Mass transit is usually regarded as the most effec-
tive means of reducing individual vehicle travel in ur-
ban areas. Transit ridership has increased steadily in 
recent years, a sign that the public will take advan-
tage of public transit options when available. Unfortu-
nately, few, if any, transit systems have been able to 
demonstrate self-supporting economics. The high 
capital and operating costs simply cannot be recov-
ered with the fares that passengers are willing to pay. 
Therefore, the requirement for large expenditures of 
public funds is the limiting factor on the development 
of new mass transit systems. Currently, urban bus 
and rail transit account for only about three percent 
of statewide passenger miles traveled, while account-
ing for only about one percent of transportation ener-
gy demand. This suggests that a substantial 
opportunity remains for a shift from individual vehicle 
travel to mass transit travel, resulting in major energy 
savings. However, the high public cost of new transit 
systems will probably continue to be an obstacle to 
realizing this potential. 
Few plans are currently underway for new or ex-
panded public transit service in the state. Notable ex-
ceptions include several new light rail systems being 
built or planned in the Sacramento, Los Angeles, and 
San Jose areas. Like the existing mass transit sys-
tems in San Diego (light rail) and San Francisco 
(Bay Area Rapid Transit and a portion of the Muni 
System), these new mass transit systems will operate 
on electricity. Along with electric vehicles (discussed 
later in this section) , these systems provide examples 
of how partial electrification of the state's transporta-
tion system can take advantage of the favorable elec-
tricity supply conditions to help address the 
transportation energy problem. 
Programs administered by the California Depart-
ment of Transportation (CAL TRANS) are aimed at 
discouraging the all-too-common energy intensive 
phenomenon of single-occupant vehicle commuting. 
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These activities include provision of car and van pool 
service, establishment of carpool lanes and toll-free 
lanes, and expanded bicycling facilities. Unfortunately, 
such measures have suffered from reduced public in-
terest as fuel prices have dropped. An exception may 
be telecommuting, which is receiving increasing atten-
tion as a potential time- and energy-saving benefit of 
the computer age. 
Design and management of the state's highway 
and roadway system provides another set of meas-
ures that can yield significant energy savings, often in 
a cost-effective and popular manner. A particularly ef-
fective step is the synchronization of traffic signals to 
reduce the number of vehicle stops and starts. As a 
result of CEC studies and funding-using Petroleum 
Violation Escrow Account (PVEA) funds-around 20 
percent of the potential for signal timing in the state 
has been realized. In addition to its popularity with the 
motoring public, this activity is one of the most cost-
effective fuel-saving measures available. A typical ini-
tial cost of $2,250 per intersection can produce an an-
nual savings of 4,200 gallons of gasoline as long as 
the timing systems are maintained. 
Table 3 summarizes a variety of potential transpor-
tation sector energy-saving measures, some of which 
have been submitted for PVEA funding consideration. 
Many have primary or secondary benefits other than 
energy conservation. Individually, some of these 
measures would result in very minor energy savings 
and, on an energy basis alone, would not be cost ef-
fective. As part of a comprehensive transportation 
planning package, however, a selected combination 
of these measures could produce major benefits for 
traffic congestion and air quality, while helping to 
"hold the line" on the demand for transportation 
fuels. 
Table 3 
POTENTIAL TRANSPORTATION 
ENERGY-SAVING MEASURES 
• Ridesharing promotion 
• Computerized fleet routing 
• Bicycling promotion 
• Freeway service patrols 
• Fleet maintenance improvement 
• School bus repowering 
• Rail marketing 
• Increased transit ridership promotion 
• Shared use of taxis 
• Traffic engineering 
• Driver education (for fuel efficiency) 
• Land-use planning (for travel reduction) 
• Telecommunications 
New and Existing Energy Technologies-Development Status and Prospects 
TRANSPORTATION FUELS AND TECHNOLOGIES 
Alcohol Fuels-Supply and Economics 
Alcohol fuels have proved to be effective motor fuels in neat (nearly pure) form and blended with gaso-
line. Methanol holds promise for becoming an economically viable fuel available from many sources. 
Methanol and ethanol, the two most common forms 
of alcohol, have both gained increasing recognition as 
replacements for petroleum motor fuels. Methanol, 
due to its lower cost and established production po-
tential from coal and natural gas, has received the 
most attention in the U.S. and in California, since it 
has major potential for large scale introduction. 
Ethanol, produced from agricultural commodities, 
continues to see more actual use as a motor fuel. 
Controversial state and federal tax subsidies which 
ethanol depends on for economic feasibility have re-
sulted in increasing annual use of fuel ethanol. In Cal-
ifornia, discontinuation of a state subsidy in 1984 has 
resulted in declining ethanol fuel sales, from a high of 
almost 1 percent of gasoline use in 1983 to only 
about 0.1 percent in 1985. Without the subsidies, the 
future of ethanol fuel use in the U.S. appears uncer-
~~. . 
Meanwhile, development emphasis in California 
focuses mainly on methanol, since its market price-
about $.40 per gallon wholesale-is only about one-
third that of ethanol. Even considering methanol's 
lower energy value-about half as many Btus per gal-
lon as gasoline, compared with two-thirds for ethanol 
-methanol is much closer to being economically 
competitive with gasoline. Methanol vehicle fleet ex-
perience shows that methanol engines can recapture 
part of the Btu penalty due to their higher operating 
efficiency. Thus, about 1.8 gallons of methanol may 
provide the mileage equivalent of one gallon of gaso-
line. With further methanol engine development, this 
"fuel substitution ratio" is expected to be reduced, 
perhaps to 1.6 to 1. 
Assessment of methanol's supply outlook reveals 
an extensive resource base which could ultimately 
support full development of a fuel market. The first 
and least expensive methanol sources are expected 
to be natural gas reserves in areas of the world 
where limited pipeline access restricts conventional 
marketability of the gas. U.S. coal resources are 
viewed as the means of sustaining a secure, long-
term supply. 
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Considerable attention has focused on the project-
ed cost of methanol if a widespread fuel market deve-
lops, necessitating a major expansion of production 
capacity. A cost estimate recently prepared for CEC 
indicates that methanol from remote natural gas could 
be delivered to California for between $.35 and $.65 
per gallon (1985 dollars). The lower figure reflects the 
near-term availability of surplus supply from existing 
sources, while the higher figure includes the cost of 
new plants that would be needed to supply a large 
market for methanol fuel in the future. An estimate for 
methanol from coal-based plants places the cost at 
$.80 to $.90 per gallon. Nevertheless, if historical price 
trends are maintained, methanol market prices are ex-
pected to track gasoline prices on an energy equiva-
lent basis. 
Both alcohol fuels- ethanol and methanol- have been compared and evaluated as part of California's program. 
Besides being the least costly alcohol fuel, methanol has vast production potential from excess natural gas and 
from coal. 
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Methanol-Air Quality Issues 
Methanol appears to have potential air quality benefits, but economically competitive routes for Its market 
Introduction-Including use as a gasoline blending component-have been slow to develop. 
There is a growing consensus supported by air 
quality agencies that methanol fuel use in large quan-
tities could make a major contribution to achieving the 
state's urban air quality goals. Emissions tests show 
methanol vehicle exhaust to contain low levels of 
reactive hydrocarbons found in gasoline and diesel 
exhaust and a major contributor to ozone smog for-
mation. Full-scale use of methanol in motor vehicles 
in the Los Angeles Basin has been predicted by 
some studies to result in a 25 percent reduction in 
ozone smog, a larger reduction than can be shown 
for most other measures studied. Use of methanol in 
diesel engines offers additional air quality benefits, 
especially the reduction of particulates, sulfur oxides 
and nitrogen oxides emissions. 
Until such time as market conditions create a de-
mand for methanol vehicles and neat methanol fuel, 
the only substantial fuel market for methanol is the 
blending of low concentrations (10 percent or less) 
with gasoline. This practice, when carried out proper-
ly, yields a product with similar characteristics to the 
gasohol being made with ethanol but it is substantially 
cheaper. Coupled with its octane-improving quality, 
this makes methanol attractive to many gasoline refin-
ers and marketers looking for economic replacements 
for lead, which is being phased out as a gasoline oc-
tane additive. The auto industry, initially resistant to 
methanol/gasoline blending, has substantially modi-
fied its position after considerable testing and market 
experience with such products. A recent announce-
ment by General Motors states that company's intent 
to increasingly adapt its vehicles for the use of such 
fuels. 
The main issue that currently restricts expanded 
us~ of methanol as a gasoline blending component is 
the tendency of alcohols to cause increases in hydro-
carbon evaporative emissions when added to gaso-
line. Outright exemptions to vapor control regulations 
have been legislatively granted for gasohol (contain-
ing ethanol) at the federal and state levels, but do 
not apply to methanol blends. This problem has kept 
most companies from pursuing methanol blending, 
while others are actively pursuing solutions. The Ox-
ygenated Fuels Association (an industry organization) 
39 
is attempting to obtain U.S. EPA approval for a gener-
ic blend that could be marketed on an industry-wide 
basis. To date, restrictions applied to this blend by 
EPA have kept it from reaching the market. However, 
EPA is currently reviewing its entire regulatory ap-
proach to motor fuel vapor control, with the outcome 
expected to at least help clarify the basis on which 
methanol blends will be allowed to be marketed. 
Success of efforts being pursued to resolve the 
evaporative emissions issue could hold the key to 
near-term economically-competitive marketing of ma-
jor quantities of methanol fuel. 
Methanol exhibits exhaust emission characteristics (determined In automotive emission tests such as this) that 
make It attractive as an air quality improvement measure. In diesel engines, the emissions benefits of methanol are 
especially significant as shown in the comparative chart. 
Figure 14 
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TRANSPORTATION FUELS AND TECHNOLOGIES 
Methanol Fuel 
The combined progress of development efforts In California and elsewhere places methanol fuel on the 
verge of commercial readiness. 
With future methanol supply potential reasonably 
assured, development efforts have concentrated on 
testing and demonstrating end uses for this fuel, and 
toward establishing a commercial foothold for its mar-
ket growth. California's demonstration program involv-
ing methanol use in place of gasoline and diesel fuel 
in 500 Ford Escort automobiles, two buses, and an 
agricultural tractor are moving toward successful com-
pletion. Other methanol vehicle fleet projects, includ-
ing a major corporate effort by Bank of America, a 
government-sponsored program in West Germany, a 
developing U.S. Government program, and miscella-
neous other domestic and foreign projects, are con-
tributing additional experience with various makes and 
models of vehicles running on methanol. 
Sixteen methanol fueling stations are in operation in 
California. This developing methanol fueling network 
is scheduled for expansion to 23 stations in 1986. A 
state agreement with a major oil company may result 
in the addition of up to 10 more stations. 
Before methanol vehicle and refueling technology 
can be considered fully matured and commercialized, 
progress is necessary in several areas. These include 
compatibility of fuel system materials, lubricant formu-
lations, health and safety concerns, and emission 
control systems. CEC's remaining program plans call 
for partially addressing some of these areas-particu-
larly those related to air quality-in the course of 
completing its ongoing fleet activities. Among the 
planned tasks (scheduled for completion in 1988) are 
further vehicle emissions testing, assessment of air 
quality implications, and determination of formalde-
hyde exposure levels and control options. 
Ocelot Chemical Corporation, a Canadian methanol 
producer, has sponsored the design and testing of re-
trofit vapor control equipment designed to meet Cali-
fornia's strict requirements for methanol blend use in 
existing gasoline vehicles. 
Closely related to the methanol blending issue is 
the ongoing development of fuel flexible vehicle tech-
nology, capable of using gasoline and alcohol fuels 
(methanol or ethanol) in any combination. Flexible 
fueling also has the potential to achieve "optimal" 
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economic ratios of methanol and gasoline, further en-
hancing methanol's cost-competitiveness. Ford Motor 
Company has made the most progress to date in de-
veloping fuel-flexible vehicles (FFVs). Ford expects 
to have several FFVs available for purchase and test-
ing by selected organizations in 1986. CEC will partie-
pate in this demonstration phase, which could lead to 
other manufacturers introducing some models as 
FFVs. 
In the longer term, the greatest payoff for methanol 
development may be in the area of advanced engine 
and fuel system designs. Many researchers believe 
that the efficiency of engines designed for methanol 
can be greatly improved over current adaptations of 
gasoline engines. This could reduce the methanol ver-
sus gasoline consumption ratio, and significantly im-
prove methanol's cost competitiveness. 
Three successful fleet tests of alcohol fuels-using (from right to left above) 1980 Ford Pintos, 1981 Volkswagen&, 
and 1981 Ford Escorts-led to California's purchase of 500 factory-produced 1983 methanol Escorts for an expand-
ed fleet demonstration. Individual test fleet vehicles have completed over 100,000 miles of service. 
The 1983 Escort fleet (right) has reached an average 
of 20,000 miles, with Individual vehicles at up to 75,000 
miles. · 
In California's heavy-duty methanol vehicle demon-
stration, transit buses built by General Motors (be-
low) and M.A.N. Corporation of Germany, are proving 
methanol's air quality benefits as a fuel for diesel en-
gines. To date, the buses have each completed about 
50,000 miles of transit service. 
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TRANSPORTATION FUELS AND TECHNOLOGIES 
Natural Gas Vehicles 
Natural gas Is gaining Increasing attention as a motor vehicle fuel. This fuel could compete economically 
for a share of the motor fuel market, as It does In other fuel markets, providing that Issues affecting fu-
ture gas supply and delivery to the state are favorably resolved. 
Natural gas in compressed form (CNG) can beef-
fectively used as a motor fuel. To date, Italy has been 
the world leader in the use of CNG, with over a quar-
ter of a million CNG vehicles on the road there. New 
Zealand has also undertaken a national commitment 
to the use of this fuel, with a near-term goal of con-
verting 20 percent of its vehicles. The Canadian gov-
ernment has established a program of incentives for 
CNG intended to place 500,000 vehicles on the road 
by 1990. 
The Southern California Gas Company has one of 
the most extensive CNG fleet experiences on record 
in the U.S., involving nearly 3,000 vehicles. However, 
a recent corporate decision has halted further invest-
ment in CNG vehicles by that company. Meanwhile, a 
national promotional effort on behalf of CNG vehicles 
is being conducted by the American Gas Association 
to attract large fleet operators to convert to CNG. 
It appears that the equivalent cost of natural gas 
fueling ranges from 10 percent to as much as 50 per-
cent less than gasoline, exclusive of the initial capital 
outlay required. Of the alternative fueling options cur-
rently available, CNG probably shows the best pay-
back potential for most fleet applications. 
CNG vehicles are generally acceptable for most 
fleet uses involving centralized fueling facilities. Their 
main disadvantage is a limited fueling range, with 
most current conversions capable of only about 1 00 
miles of fuel capacity. Dual-fueling capability-retain-
ing both the original gasoline operating characteristics 
and range-is the common method of conversion, 
serving to mitigate the problem of limited range. 
Other characteristics of natural gas as a motor ve-
hicle fuel, including refueling practices and safety im-
plications, appear to be commercially ready. Few 
injuries or fatalities caused by CNG system failures 
have been recorded world wide with this fuel. At this 
point, insurance carriers and other automotive safety 
interests appear satisfied that CNG presents no extra 
hazard as a vehicular fuel. 
Although air quality studies have not addressed 
CNG as thoroughly as methanol, there appears to be 
little doubt that natural gas could likewise make a 
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measurable contribution to the state's air quality im-
provement goals. CNG is also being tested as a fuel 
for diesel engines where, like methanol, its air quality 
advantages could prove especially attractive. 
CNG clearly offers the potential to add fuel diversity 
to the state's transportation sector, with attendant en-
vironmental benefits. The major issue remaining in-
volves the potential effects of such a trend on the 
state's natural gas supply/demand balance. Applying 
natural gas to a major new market in the state-one 
with an ultimate potential as large as the entire exist-
ing market-needs to be carefully evaluated for both 
its short-term and long-term supply implications. 
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Figure 15 
NATURAL GAS 
SYSTEM OF OPERATION 
Refueling Connection 
When natural gas Is required by the engine it 
leaves the storage cylinder and travels through 
gas lines to the engine area. The pressure regula-
tor controls the pressure from the natural gas cyl-
Inder to the natural gas mixer. The mixer_ blends 
the natural gas with air for optimum combustion. 
The fuel selector control and gauge will indicate 
the amount of natural gas available and allow the 
driver to switch to gasoline if necessary. 
Multiple-vehicle refueling facilities such as this 
one owned by Southern California Gas Company 
allow overnight, unattended fleet refueling directly 
from compressor In foreground. Quick-fill refuel-
ing is also possible, using cylinder cascade at left. 
The City of Mexico City Is actively studying the possible conversion of Its municipal transit bus fleet to CNG. 
These four-cycle diesel engine buses-part of Mexico City's initial demonstration program-were converted by 
lmpco Carburetlon, a California company. 
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TRANSPORTATION FUELS AND TECHNOLOGIES 
Propane/ LPG 
The use of propane, already well-established commercially as a motor vehicle fuel, could Increase In the 
state, especially if a potential Liquefied Petroleum Gas (LPG) surplus results from Increased oil produc-
tion. 
Propane-the common name for Liquefied Petro-
leum Gas (LPG), usually sold as a mixture of pro-
pane and butane-is currently the most available and 
widely-used alternative to conventional transportation 
fuels. In California, there are an estimated 200,000 
vehicles in both fleet and public use (about 1 percent 
of the motor vehicle population) capable of running 
on this fuel, and about 400 commercial supply outlets 
for LPG vehicle refueling . 
Propane enjoys a combination of favorable eco-
nomics, availability at commercial fueling stations and 
promotional advertising campaigns by the industry. 
Propane has never benefited from any type of federal 
or state subsidy, providing a unique example of an al-
ternative fuel that has achieved a significant level of 
commercial progress without government involvement. 
The expected payback on the initial conversion 
cost (or premium on a new propane vehicle)-about 
$900-$1 ,500--has become much less attractive due to 
falling oil prices. Still, some fleet operators who have 
high-mileage fleets can obtain propane at a favorable 
cost (lower than that of gasoline), and those opera-
tors view propane conversion as a prudent business 
decision. 
lmpco Carburetion of Cerritos, California is the in-
dustry leader in conversion equipment, supplying 
about 80 percent of the U.S. market. Components are 
available to convert virtually any vehicle, including the 
newest fuel-injected models. Most conversions retain 
their gasoline capability. Some models of new pro-
pane cars and trucks have been marketed by Ford 
Motor Company in the U.S., and by Chrysler in Can-
ada. 
While propane vehicles have generally acquired a 
favorable safety record, some issues remain with re-
spect to propane tank safety. Some local areas main-
tain restrictions that make siting of propane fueling 
stations virtually impossible at certain sites. 
Propane's emission characteristics tend to favor its 
use from an air quality improvement standpoint. Like 
CNG, propane has not been extensively studied to 
determine its overall potential air quality benefits. 
However, it shares some of the same emission bene-
fits as CNG and methanol. 
45 
The future potential of propane as a motor fuel in 
California is somewhat unclear, due mainly to uncer-
tainties about propane supply and price. Propane is 
produced, along with butane and other forms of LPG, 
as a by-product of petroleum and natural gas produc-
tion and processing. With the anticipated increases in 
petroleum production in the state (see discussion 
later in this report), corollary increases in LPG pro-
duction can also be expected. Therefore, although the 
general U.S. outlook for LPG as a motor fuel is not 
considered to include major growth potential, in Cali-
fornia, the increase in LPG use could be substantial. 
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Ford Motor Company has marketed several models of propane-powered autos and trucks. 
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A number of school bus fleets 
In the U.S. have been 
converted to propane. 
The Los Angeles Times operates a fleet of 300 propane-powered trucks of different makes and sizes. These large 
GMC trucks (normally gasoline engine models) were factory-produced for propane use. 
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TRANSPORTATION FUELS AND TECHNOLOGIES 
Electric Vehicles 
Advances In the development of electric vehicles create a realistic prospect for improving transportation 
energy diversity through linkage with the electricity supply system. 
Electric vehicle technology continues to make 
progress with respect to both operation and cost. For 
some urban fleet applications, electric vehicles are 
now available and may offer adequate service and 
near-competitive economics. Broader application of 
electric vehicles must await further progress in areas 
of performance, range and cost. The present imbal-
ance between petroleum use in the transportation 
sector and over-supply of electricity under-scores the 
advantage of electrification as part of a strategy for a 
more diversified transportation system. 
The traditional concept of electric vehicle (EV) 
technology as confined to golf-cart-type applications 
appears to be changing. Vehicles of standard size 
and construction are now available with electric pro-
pulsion. State-of-the-art EV technology is best repre-
sented by the General Motors Griffon Van, produced 
in limited numbers by a GM subsidiary in England. 
Vehicles such as this may require only minor addition-
al development and larger-scale production in order 
to have commercial viability. For urban driving condi-
tions, where EVs have their most attractive applica-
tion, acceptable performance-including the critical 
factor of vehicle range between battery recharges-
appears adequate for many types of vehicle service. 
For freeway and inter-city travel, electric vehicle limi-
tations are more apparent, although not necessarily 
prohibitive. 
Depending on the cost of electricity, the cost of fuel 
(electricity) in many circumstances may be less than 
for a comparable gasoline vehicle. For example, the 
electricity for a subcompact EV would cost less than 
two cents per mile in Sacramento, and as much as 
five cents per mile in San Diego, compared to a gaso-
line vehicle fuel cost of about three cents per mile. 
Offsetting the comparable fuel costs is the fact that 
EVs are more expensive to purchase. Much of the 
potential for improving EV economics lies in achieving 
longer battery life, since the cost of battery replace-
ment (about $4,000) comprises most of the vehicle 
cost differential. Many research efforts around the 
world are concentrating on developing better battery 
systems for EVs. Increased power output, vehicle 
range, and lower cost are the benefits of these new 
battery technologies. 
Electricity supply implications comprise a major is-
sue for EV development. Despite a generally favora-
ble overall state electricity supply outlook, specific 
potential impacts on electric generation system 
capacity and load need to be carefully evaluated if 
significant EV demand is added. One study looked at 
the effects of a five percent EV introduction level, 
concluding that a 1.3 percent increase in electricity 
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production would result. The expectation that most re-
charging would take place during off-peak, night time 
hours yielded an estimated increase in peak electricity 
demand of only 0.6 percent for this same level of EV 
introduction. 
Additional interest focuses on the environmental im-
plications of electric vehicles. With the trend toward 
more environmentally clean sources of electric power, 
there appears to be little doubt that, in general, EVs 
represent a more environmentally acceptable form of 
travel on a per-mile basis than petroleum-fueled vehi-
cles. 
The General Motors Griffon Electric Van 
San Diego Gas and Electric Company is one of the 
first operators of the latest product of worldwide elec-
tric vehicle development efforts. The Griffon Electric 
Van is built by General Motors' Bedford Commercial 
Vehicle Division in Luton, England. 
Bedford, acquired by GM in 1982, is a long-time 
manufacturer of conventional gasoline vans and has 
also been a pioneering company in the development 
of EVs. The Griffon is a medium-size (106-inch wheel-
base) van with 2,000 pound payload (or seven pas-
senger) capacity, with no appearance features to give 
away its alternative propulsion system. Its perform-
ance, while exhibiting some definite differences from 
an internal combustion engine vehicle, provides a rea-
sonable match with conventional vehicles in urban 
driving situations. Freeway driving capability is more 
limited. Though capable of a 50-55 mph cruise speed 
on flat terrain, the van has little acceleration capability 
beyond this speed and slows on grades. The Griffon 
has a range of 50-80 miles (the higher number in 
steady-state driving modes) before needing recharg-
ing, which requires eight hours if completely dis-
charged. 
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New And Existing Energy Technologies-Development Status And Prospects 
TRANSPORTATION FUELS AND TECHNOLOGIES 
Hydrogen 
Worldwide research on Improved hydrogen production processes could hold the key to an attractive 
form of transportation energy for the next century. 
If there is such a thing as an ultimate low-polluting 
source of motor fuel, hydrogen is probably the most 
likely candidate. Real-time experience with hydrogen 
vehicles to date, though limited, confirms expectations 
that it offers acceptable operating performance and 
extremely clean emission characteristics. The funda-
mental obstacle to introduction of hydrogen as a 
transportation fuel remains the high cost of its pro-
duction. More effective methods of hydrogen storage 
are a second research priority, since conventional 
pressurized tanks provide limited vehicle range. Per-
sistent questions about its safety would also need to 
be resolved before hydrogen could be marketed as a 
transportation fuel. 
Hydrogen is produced by steam reforming of natu-
ral gas and at about twice the cost of gasoline. Re-
search on advanced types of hydrogen production 
using water electrolysis, coal gasification, and other 
processes continues in the U.S., USSR, Japan, Brazil, 
Canada, and other. countries. A Texas A&M University 
research project has been credited with a major ad-
vance involving a process using solar energy to ex-
tract hydrogen from water with a 10 percent rate of 
·efficiency. But estimates continue to place the time 
when hydrogen may become a cost-competitive ener-
gy source as well into the next century. The need for 
input energy-usually electricity-represents a formi-
dable barrier for economical hydrogen production. 
The capability for using hydrogen as a motor fuel 
appears to be well ahead of production economics. 
Daimler-Benz of West Germany has been conducting 
what is probably the most extensive test of hydrogen-
fueled motor vehicles. Ten Mercedes Benz passenger 
cars and vans have operated on hydrogen for the 
past two years using state-of-the-art systems, includ-
ing an advanced hydride fuel storage system. Results 
thus far indicate that these vehicles are providing fa-
vorable performance and reliable service, similar to 
propane and CNG vehicle characteristics. Reported 
driving range between refuelings is 90 miles. 
The Clean Fuel Institute of Riverside, California, op-
erates one of the only hydrogen-powered vehicles in 
the U.S.-a Dodge import pick-up truck which the In-
stitute converted itself. Eq~ippinQ existinQ vehicles to 
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burn hydrogen is somewhat similar to CNG or pro-
pane conversion, relying on commercially-available 
components. Increasing fuel storage capacity to ex-
tend vehicle range is a major requirement. Thorough 
evaluation of vehicle and fueling facility safety charac-
teristics is a further requirement. 
The payoff for investments in hydrogen fuel deve-
lopment-barring a major breakthrough in production 
technology-is probably many years away. Still, ongo-
ing international efforts to advance the timetable for 
hydrogen use will continue to be of interest to Califor-
nia. 
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280 TE Hydrogen/Gasoline Mercedes Station Wagon 
1979 Dodge D-50 truck converted to run on hydrogen gas by the Clean Fuel Institute of Riverside. 
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PETROLEUM SUPPLY 
While full development of California's petroleum resources Is constrained by environmental factors, large 
short-term Increases In state oil production are likely If world oil prices provide enough economic Incen-
tive. But Imports are destined to supply more of the state's petroleum needs In the future. 
California has the unique distinction of being both a 
major oil producer and a major oil importer. In the 
U.S., only Texas, Alaska and Louisiana produce more 
oil. Yet, California manages to satisfy only about half 
of its own petroleum needs, in addition to exporting 
some crude oil and refined products. The other half of 
the state's demand for petroleum is being met with 
imports from Alaska and foreign countries. 
Development of California's oil resources has re-
cently proceeded at an ambitious pace, spurred by 
significant new discoveries off the coast and by inter-
est in production of San Joaquin Valley heavy crude 
using thermal recovery techniques. 
Coastal 011 Development. 
The major area of activity and controversy in the 
California petroleum picture is centered off the central 
coast, particularly Santa Barbara, Ventura and San 
Luis Obispo Counties (see Figure 16). If current oil in-
dustry development plans for this area are realized, 
over 90 percent of coastal oil production during the 
next 20 years could take place there. 
Three major concerns with coastal oil development 
involve: the need to modify Los Angeles refineries to 
enable them to process the oil; air quality emissions 
from the oil platforms and the scarcity of required off-
sets; and land use issues regarding on-shore process-
ing facilities and pipelines. 
In addition, if crude oil prices continue to drop, eco-
nomic incentives may be lacking for development of 
some projects. 
Thermally Enhanced 011 Recovery. 
The southern San Joaquin Valley is responsible for 
a large part of California crude oil production. Kern 
County alone currently produces over half of the 
state's total and is one of the largest oil producing 
counties in the country. Much of the remaining oil in 
Kern County and the surrounding area Is so heavy 
(high in viscosity) that it requires heating to be 
pumped from the ground. Various methods of ther-
mally-enhanced oil recovery (TEOR) have been em-
ployed and continue to be tested. Most of these 
employ steam produced by burning a portion of the 
recovered oil in steam boilers. Besides consuming as 
much as 30 percent of the oil obtained, combustion of 
the low-quality oil as fuel presents a serious air quality 
control problem. Therefore, natural gas is being in-
creasingly used for TEOR steam production, with coal 
also being considered as a fuel source. An extension 
of the steam production process involves cogenera-
tion of electricity (see further discussion in the elec-
tricity section). 
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Three natural gas pipelines have been proposed to 
bring out-of-state gas to Kern County to fuel steam 
generators like these working In the Kern River field. 
Coal Is also being Investigated as a source of fuel for 
the ongoing thermal recovery effort. 
Nineteen platforms are In place and nine more are In 
planning or construction states for the Santa Barbara 
Channel. Above, Chevron's Platforms Hope and Heidi 
In Carpinteria Offshore field. 
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Figure 16 
OIL FIELDS 
Source: California Energy Commission, 1981 
New And Existing Energy Technologies-Development Status And Prospects 
NATURAL GAS SUPPLY 
New applications of natural gas could reduce California's use of petroleum fuels. Development of new 
supply sources and the need for new pipelines require detailed Investigation. 
Natural gas presents California with some interest-
ing energy opportunities and some difficult energy is-
sues. Its wide versatility and clean-burning qualities 
make natural gas an attractive source of energy that 
can substitute for petroleum fuels in many applica-
tions. With gas currently supplying about one fourth of 
the state's total energy supply, the temptation exists 
for expanding the use of gas to gain additional petro-
leum displacement and air quality enhancement. Gas 
suppliers are actively seeking to expand their ·markets 
in the face of supply availability well in excess of ex-
isting demand. 
Thermally-enhanced oil recovery (TEOR) is the 
major candidate for increased use of natural gas in 
the state. TEOR projects alone could potentially result 
in as much as a 25-percent increase in statewide gas 
use. Transportation is another new market opportunity 
being pursued by the gas industry through efforts to 
stimulate interest in natural gas-fueled motor vehicles. 
Gas appliances, such as recently-commercialized gas-
fired air conditioning, are yet another focus of natural 
gas market expansion activity. 
More use of natural gas in place of petroleum could 
clearly benefit the state's energy and environmental 
goals. California currently obtains about one-fourth of 
its gas from in-state-sources, including offshore pro-
duction. The state depends heavily on gas supplies 
delivered by pipelines from other western states. Pro-
duction from some of the in-state sources appears to 
be diminishing, with offshore sources representing lim-
ited potential for increased supply. Thus, interstate 
pipelines delivering gas supplies secured from other 
areas of the western United States, and from Canada 
and Mexico, will become increasingly important. 
Most estimates agree that overall natural gas pro-
duction potential in the U.S. and its neighboring coun-
tries will remain adequate well into the next century. 
One estimate of gas sources potentially available to 
the U.S. is shown in Figure 17. Canada, Mexico, and 
the Rocky Mountain states, all with major potential for 
new gas production, are likely sources for more of 
California's supply. 
Alaskan gas and synthetic gas from coal represent 
additional signifacant supply potential in the longer 
term. With this outlook, it is not difficult to envision fu. 
ture scenarios involving increased availability of natu-
ral gas to serve California markets. Still, significant 
questions remain with respect to the economics and 
logistics of such scenarios. The existence of potential 
gas sources to replace traditional sources whose pro-
duction will diminish, and tO\ serye any increase in gas 
demand-however promising-is only one component 
of gas supply planning for the state's future. Equally 
important is the capability of delivery and distribution 
systems and the execution of secured supply arrange-
ments at reasonable prices. 
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Figure 17 
PRODUCTION POTENTIAL OF 
NATURAL GAS SUPPLY SOURCES 
(in Tcf) 
Actual 
Lower-48 
1984 2010 
Conventional 17.214 10.00-16.00 
Incremental Tight Formations NA 1.00- 6.00 
Incremental Methane From Coal NA 0.20· 0.90 
Seams 
Incremental Co-Production NA 0.05- 0.80 
Imports 
Canadian 0.770 1.40· 2.80 
Mexican .060 0 • 1.20 
LNG .038 0.10- 1.00 
Alaskan Gas 
LNG to Lower-48 NA 0.10- 0.20 
Pipeline to Lower-48 NA 0.70· 1.80 
Synthetic Gas 
High-Btu Coal Gasification .007 0.50- 1.00 
SNG From Liquid Hydracarbons .070 0.05- 0.20 
Nonconventional Including 
Methane from Landfills .005 0.02- 0.08 
TOTALS (Rounded) 18.2 NA 
SOURCE: American Gas Association, 1985 
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Currently, debate on natural gas supply issues in 
California centers around the need for new Interstate 
gas transmission pipelines and whether new suppliers 
should be allowed to enter the state gas market. 
Much remains to be resolved between gas suppliers 
and state and federal regulatory agencies regarding 
the amounts, sources and means of delivery of future 
state gas supplies. Progress toward a consensus on 
these questions will be Important to determine 
whether the state can proceed confidently toward 
greater reliance on natural gas as part of its strategy 
for cleaner, more secure energy sources. 
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Maintaining a Sound Energy Development Strategy for California 
Csllfomla's selection of an a"ay of sources for supplying Its energy needs will heavily Influence the 
state's economic and environmental future. 
Energy Development tor California has come to 
have a broader meaning than the traditional concept of 
conducting energy R&D. In addition to fostering the 
technical and commercial progress of new energy 
sources, Energy Development describes an overall 
strategy for determining how the state will supply and 
use its energy in the future. In the constantly evolving 
energy picture, California has seen its way through peri-
ods where scarcity of supply was the major concern. The 
state now enters an era where its energy supply options 
appear to exceed its needs. This fortuitous situation pro-
vides California with more choices than ever of how to 
meet its energy needs, representing both opportunities 
and potential pitfalls. Among the implications are: 
• the cost of energy and related effects on the 
state's economy; 
• the extent of energy-related impacts on the state's 
environment; 
• the degree to which the state is vulnerable to 
events in the world oil market; 
• the role of energy as a vital state industry and 
seedbed of technological progress; and 
• the determination of whether energy surplus condi-
tions will continue to prevail into the future. 
In CEC's enabling legislation, the legislature de-
scribed electrical energy as "essential to the health, 
safety and welfare of the people of this state, and to 
the state economy", and directed that a reliable sup-
ply be maintained consistent with ''protection of public 
health and safety, promotion of the general welfare 
and environmental quality protection". This mandate 
continues to form the underpinning guidance for state 
policy on electricity supply, albeit with increasing com-
plexity of application since its original adoption in 
1974. The further importance of extending this princi-
ple to energy sectors other than electricity-especially 
to the state's energy-intensive transportation sector-
also becomes more and more important. 
The goal of energy diversity is a particularly signifi-
cant principle of state energy development that has 
emerged over the years. Just as diversity is vital to 
the health of biological communities, and is becoming 
a major factor in the economic strength of business 
corporations, it proves instrumental in maintaining an 
effective energy supply system. In the field of energy, 
diversity means avoiding over-reliance on any one 
source of energy. Not only does this extend the time-
table and lessen the impacts of exhausting any one 
finite resource, it results in a system less susceptible 
to short-term perturbances due to inevitable events 
affecting a particular source-marketplace economics, 
technology failure, human behavior, weather, and 
other factors. In the case of California's energy sys-
tem that depends on imports for one-half of its oil 
supply, the importance of diversity becomes all the 
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more apparent. 
California has established a sustained trend toward 
electricity supply diversity. Within the past 10 years, 
the state has come to rely on a much more varied 
and balanced array of electric energy sources. In fact, 
no other state or nation uses as many different ener-
gy-producing technologies or has as much of a mix of 
electricity sources as California. And more options are 
available that could further enhance the state's elec-
tricity supply diversity. As previously discussed, the 
options currently receiving the most attention are 
those capable of "load-following operation", to pro-
vide better system-wide responsiveness to fluctuating 
peak electrical demand. 
Meanwhile, a strategy to begin achieving a similar 
level of critically-needed energy supply diversity in the 
state's transportation sector continues to be pursued. 
The progress achieved with electricity supply diversity 
offers both a model and an opportune time to make a 
priority of transportation petroleum dependence, cur-
rently the state's most threatening energy problem. 
And the electricity supply abundance may even offer 
a more direct opportunity to achieve a measure of 
transportation diversity through electrification. Diversi-
ty, by definition, must involve the contributions of mul-
tiple sources and often must begin with small 
increments of progress. In transportation, which re-
mains virtually the exclusive domain of petroleum 
fuels, all potential contributions need to be carefully 
evaluated and encouraged. 
Closely related to diversity is the desirability of ex-
panding the use of renewable and indigenous energy 
resources. In addition to providing means of sustain-
ing long-term supplies secure from disruptions outside 
the state's control, such sources are often among the 
most environmentally acceptable. Advancing the 
development of California's native energy resources 
thus continues to be an important goal. 
Maintaining reasonable energy costs is another fun-
damental basis of state energy policy. The cost of en-
ergy has become a larger part of individual and 
corporate budgets, and considerable disparity exists 
in energy prices-particularly for electricity-among 
different areas of the state. Therefore, while the sup-
ply of electricity is adequate, its cost has become an 
increasing issue, and pursuing supply sources that 
show potential for low-cost electricity remains a high 
priority. 
Transportation energy prices, on the other hand, 
have fallen to unexpectedly low levels paralleling the 
drop in world oil prices. The combined effects of 
these low prices-including increased consumption, 
reduced incentive for in-state oil production, and poor-
er prospects for economic competitiveness of alterna-
tives-may have a major adverse effect on 
California's goals of energy diversity and reduced pe-
troleum dependence. As the task of finding and im-
plementing viable solutions.to increased petroleum 
use becomes more challenging, the importance of 
maintaining the state's commitment of this objective 
increases. Gaining a foothold for alternatives requires 
a strategy that emphasizes the continued develop-
ment and judicious application of those options with 
the best prospects. When the inevitable return to in-
creasing oil prices begins-possibly bringing with it 
disruptive market conditions-the state will be pre-
pared only if a sustained transition to non-petroleum 
energy sources progresses in the meantime. 
Along with meeting energy supply needs, Califor-
nia's energy development strategy could greatly affect 
progress toward the state's environmental goals. The 
production and use of energy is responsible for most 
of California's air pollution, and is an important factor 
in water pollution as well. Therefore, virtually every 
energy supply decision carries with it important envi-
ronmental consequences. These consequences can 
be either positive or negative. Traditionally, energy 
development has confronted environmental issues 
that present obstacles requiring some form of mitiga-
tion to gain acceptance. However, the new era of en-
ergy supply abundance provides an opportunity for 
energy development to play a major role in environ-
mental enhancement. Many of the energy sources 
available for introduction or expanded application are 
exceptionally clean, some offering air quality improve-
ment potential exceeding that available by virtually 
any other means. Selecting energy options that pro-
vide the greatest environmental benefit is thus a key 
part of the state's approach to energy development. 
Simultaneously achieving all of the above goals is 
obviously not simple. In fact, some of these objec-
tives will at times appear to conflict. The most envi-
ronmentally attractive option, for example, may very 
well turn out to be the most costly. A critical balance 
must therefore be achieved to assure that appropriate 
weighting is given to each objective. With an expand-
ing range of available supply options, the opportunity 
to better satisfy all of the state's energy goals im-
proves. 
California's energy development strategy remains 
committed to achieving the best possible combination 
of economic, environmental and supply reliability char-
acteristics on a continually evolving basis. This re-
quires difficult decisions regarding which energy 
sources deserve favorable consideration for develop-
ment and application-those which are "most rele-
vant to the state's needs and opportunities". The 
specific energy sources and technologies present in 
this category must necessarily change from time to 
time as the state's needs and opportunities change. 
The recommendations in this report reflect CEC's 
determination of energy technologies considered most 
relevant to the state's needs at this time. With the 
evolution of the report series on a biennial basis, dif-
ferent options will undoubtedly receive emphasis. 
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